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CHAPTER ONE: THESIS INTRODUCTION 
The island of St. Thomas has been home for many cultures over the 
past thirty-five hundred years, and each society has left its mark on 
the landscape. This study illustrates the changing relationships 
between culture and the island environment . It is an attempt to under-
stand how a specific environmental problem has evolved, how a water 
shortage has come to exist in a relatively wet climatic zone. 
Despite fairly regular rainfall, water is shipped daily from Puerto 
Rico. How can an area that receives close to 50 11 of rain per year be 
experiencing a water shortage? Have there been changes in the land-
use and vegetative cover which affected the availability of water in 
St. Thomas and if so, what physical and cultural variables have pro-
duced this change? 
It is suggested that there is a direct relationship between econom-
ic change, land-use, and change in the physical environment. The re-
lationship between land-use and vegetative change, with subsequent 
changes in hydrology, have been illustrated in many areas throughout 
the world. Studies by Harris (1966) and Watts (1966) , have provided 
documentary evidence of the human influence on vegetation in the 
Caribbean islands, with both authors observing successional changes 
towards a more xeromorphic vegetative cover, and a decline in the water 
availability. These changes are shown to be a direct result of the 
clearing of original forest cover, introduction of new species, and 
land-use activities such as crop cultivation and 1 ivestock grazing. 
Many studies have been done using an island ecosystem to illustrate 
1 
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the relationship between changes in the land-use and surface cover to the 
hydrologic cycle. In such an island ecosystem the boundaries are clear 
and the ecosystem relatively simple. While studies without these rela-
tively finite boundaries are less common, research done in the conti-
nental areas of both the temperat_e and tropic zones support the relation-
ship between land-use, surface cover, and the hydrologic cycle. For 
example, I. J. Jackson, in his 1977 study entitled Climate, Water and 
Agriculture in the Tropics, dedicated a chapter of the book to the human 
impact on the hydrologic cycle. Both deliberate and inadvertent impacts 
such as modification of climatic factors, land-use, and modification to 
surface and groundwater are discussed, and pertinent studies throughout 
the tropical belt are cited. The author•s treatment is admittedly 
broad, and attention is focused on presenting an outline of work to 
date, providing a base for more detailed study. 
In St. Thomas, studies by Jordan, et al (1972, 1977), Peebles, et 
al (1979) and Rivera, et al (1970) have provided data on the soil, vege-
tation and hydrologic change, and have noted a correlation between land-
use activities, surface cover, and the hydrologic changes experienced in 
recent years. This thesis compiles data from these and other reports, 
identifies the specific cultural and physical variables influencing the 
hydrologic balance of St. Thomas, and analyzes the reasons for changes 
in the hydrology. 
One COITII1on observation of these studies is that the impacts of land-
use, while varying in intensity and nature, have a complex and far-reaching 
effect on the landscape. Bennett, in his introductory chapter of Man and 
Earth • s Ecosystems, noted: 11 Different 1 ifes tyl es 1 ead to different cul-
3 
tural landscapes, and the ecological impact of differing lifestyles vary 
greatly." (1975:53) . With this thought in mind, the approach was de-
signed to determine the reason for and process of hydrologic change . 
The study area has seen many different economies, with varying land-use 
and subsequent ecological impacts. What part has been played by past 
and current human systems in influencing the hydrologic cycle of St. 
Thomas? 
E. N. Anderson has written that "the ecological crisis is the 
result of political and economic structure, specifically the balance 
of power." (Anderson 1974:272) . If this is true, then in analyzing 
the reasons for a disturbance of an ecosystem, it is necessary to review 
the evolution of the political and economic structure in that system. 
This is important because changes in the political and economic structure 
will be subsequently reflected through changes in land-use. When that 
change in land-use causes a disturbance in the environment, the culture 
has three ways in which it might react : it can cease the particular 
land-use activity, it can adapt the form of land-use to minimize the 
impact, or, it can ignore the problem and the environment will continue 
to deteriorate. When the pace of change is rapid, the ecosystem is 
unable to adapt to disturbances because the culture itself is changing 
too rapidly to appreciate the disruption, reform the system, and evolve 
adequate adaptive responses. This ability to appreciate the cause and 
effect of environmental disturbance is a crucial factor in the culture•s 
capability to survive and sustain its role in the ecosystem. Because of 
the rapid pace of change in the political and economic structure, the 
4 
culture is limited in its response to environmental stress and has, 
ther.efore, lost its flexible nature. The inability to perceive or 
rectify the continuing deterioration of the environment will then result 
in an ecological crisis . 
An example of this model is illustrated by the introduction of new 
cultures into a geographic region. The settlement of California by the 
Spanish involved the establishment of a missionary system. The political 
and economic structure of humans in California changed from a small scale 
hunting and gathering society to a class hierarchy of priests, soldiers, 
and settlers, with mission Indians at the bottom of the structure . With 
this change came an introduction of new forms of land-use practices. 
Ranching and agriculture became prevalent in the Spanish settled areas. 
Within a few years, introduced European grasses, brought over as live-
stock feed, outcompeted the native plants and, after three hundred years, 
only a few areas in the state contain the original composition of native 
grasses . In this case, the caus·e of biologic change can be traced to a 
specific cultural activity, which, in turn, is tied to political and 
economic change. ( Dasmann 1975:59-74). 
Another illustration of this model can be seen in the Irish potato 
famine of the 1870's. While the widespread potato blight resulted in 
a famine in the 1850's, due to the local habits of cultivation and a 
failure of the rulers to instruct or permit a change in the cultivation 
habits, the potato blight again spread through most of Ireland in the 
1870's and lasted several seasons. The failure to comprehend the limits 
of the existing agricultural system, despite an earl i er famine, and to 
evolve an adequate adaptive response insured the success of the later 
5 
potato blight fungus. In this case a culture firmly entrenched in its 
traditions was unable to accurately evaluate a biologic threat, and the 
result disrupted the cultural system. (Bennett 1976:199) . 
Cultural ecology locates biological and environmental factors in 
the framework of a concrete socio-historical process . (Bennett, 1976: 
199). The theoretical model previously given is used as a general 
framework for the cultural ecological study of the past and current 
systems and their influences on the hydrological balance of St. Thomas . 
In order to define the problem, illustrate the process of change, and 
determine the impetus for change, it is necessary to incorporate not 
only biological and environmental factors, but socio-historical anal y-
sis as well. The emphasis in this study is on determining the connec-
tion between socio/economic change, land-use practices, landscape 
changes, and ecosystem disturbances. 
This thesis begins with a description of the physical landscape 
and a discussion of the hydrologic cycle in order to clearly demonstrate 
the relationship between land-use, landscape change, and changes in the 
hydrologic cycle. Before the cause of environmental change can be deter-
mined, it is first necessary to define precisely what change has occurred. 
In the second section a historical overview is given, fo cusing on 
the cultural change from a simple, self-sufficient economy to one that 
is totally dependent upon extrinsic factors to survive. Thi s section 
includes chapters on prehi storic, historic and recent times and i s 
oriented towards determining both internal and external factors respon-
Sible for economic and political change, and their subsequent impact on 
nd-use and landscape change. Conclusions of this thesis are presented 
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in the final chapter, in which the impacts of land-use on hydrology are 
summarized, reasons for land-use change are suggested, and the possibility 
of a return to the natural hydrologic balance is discussed. 
The site selected for this study is the island of St. Thomas. It is 
located 18° North of the Equator, 64° West of Greenwich and 40 miles East 
of Puerto Rico. Rising from sea level to a height of 1550 feet, the island 
encompasses 28.25 square miles. It is easily distinguished from neighboring 
islands by its high ridge system and many bays that indent the coast. 
One of a chain of hundreds, the island is a stepping stone in the 
Caribbean and belongs to the furthest north group of islands. This loca-
tion of St. Thomas has long been of cultural importance. North and South 
equatorial currents, as well as the Easterly Trade Winds, have held a steady 
and direct ional influence on the island. Human settlement history, as well 
as the origins of plants and animals, have largely been tied to the persis-
tent currents. St. Thomas• geographic importance is perhaps best described 
by deBooy and Faris, who called the island 11 the place which is on the way 
to every other place 11 • (1918:54) . Because of its strategic location, St. 
Thomas has often played 11 the pawn on the chessboard of international poli-
tics... (Dookhan, 1976:2). 
Due to its historical importance, St. Thomas has often served as 
the focal point of the West Indies. Being the center of economic activi-
ty for much of the past 300 years has allowed changes to occur on the 
have set a pattern for the rest of the Caribbean. The 
between external economic and political f orces and the 
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land-use of St. Thomas has been a dominant factor throughout history and 
reasons for settlement~ land-use and landscape change are closely tied 
to such external forces . 
St. Thomas was chosen as a study area for several reasons. First, 
the opportunity to visit and, later, live on the island awoke an interest 
in understanding how the diverse social and physical environment can hold 
so many contrasts and conflicts. Second, the lack of readily accessible 
and current information on the island prompted more detailed research. 
And, third, the analysis of St. Thomas' cultural and environmental prob-
lems seems to provide an insight into the possible future for most of the 
other Caribbean islands which are just recently experiencing the rapid 
growth and development of a tourist industry that has shaped and changed 
the St. Thomas landscape. 
Research methodology included personal observations, interviews and 
archival study. The site was visited and research activities conducted 
on St . Thomas from June 1980 to January 1981. This thesis provides the 
synthesis of that fieldwork and an analysis of the data collected. 
PART ONE: 
A PROBLEM OF WATER 
CHAPTER TWO : WATER AVAILABILITY : THE HISTOR IC RECORD 
While the island (St. Thomas) is not as well watered as St. 
John ... there are a number of springs on the northern side. An 
absolute water shortage, such as occasionally experienced on 
some of the Antillean islands, has not been known to occur here. 
(deBooy and Faris, 1918:56) . 
According to deBooy and Faris, St. Thomas in 1917 had such an availabil-
ity of water so as never to have known a total water shortage. And yet, 
the problems of water shortage and drought are frequently mentioned in 
the records of the past sixty years. For example, in 1920, the report 
read to Congress on the conditions in the Virgin Islands stated: 11 0ne 
of the paramount questions involved in the development of health and 
happiness of these islands is an adequate water supply ... The greatest 
misfortune of the islands is the lack of water . 11 (SR 160 [66-1:26]) . 
Again in 1926 it was reported to Congress that 11 during the droug ht 
years, 1920-1924, there was a painful shortage of drinking water, as 
there are few dependable wells in the i s lands that contain water fit 
for human consumption even when boiled. 11 {SD 110 [69-1] ). 
In 1970, the Soil Survey of the U.S . Virgin Islands noted that: 
11The greatest problem confronting fanners on the i slands i s 
that of retaining sufficient soil moisture to produce crops that 
are otherwise suited to the soil and climate. Drought is more 
serious now than it ever has been in history . Many springs and 
wells have gone dry . Subterranean reservoirs have become more 
and more depleted, even though, according to records, the islands 
receive about the same amount of rainfall as at any time in the 
past. 11 (1970 :75) . 
Why, if there is adequate rainfall, have wells and springs gone dry , 
streams ceased to run for more than a few days a year? It is evident 
a dramatic change in water availab i lity has occurred, and, further-
that change has occurred in the years since American possession 
9 
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of the islands. (See figure 1). 
Several different answers to this question of water shortage have 
appeared in the literature. In a 1920 House Document on conditions in 
the U.S.Virgin Islands it was noted: "Agriculture has been injured by 
the cutting of timber. It has lessened the rainfall and the moisture 
has not been retained." .(HD 734 [66-2]). Water shortages in this case 
are attributed to deforestation. A 1961 report entitled "Climates of 
the States" mentioned that rainfall in the Virgin Islands, while above 
40 inches annually, is insufficient to meet water demands . Water short-
ages in this report are attributed to a high evaporation rate and rapid 
run-off from steep slopes. (1961:3). And, according to Jordan (1972: 
0216), the current decline in water availability is attributed princi-
pally to an increase in evapotranspiration rates, due to the reversion 
from agricultural lands to dense brush and forest . 
Before reconciling the sometimes conflicting answers as to the 
cause of the water shortage, or even documenting the existence of a 
water shortage, one must first understand the concept of the hydro-
logic cycle, and the particular variables that affect the cycle on 
St. Thomas. Water vapor moves through the atmosphere and precipitates 
tnto the ecosystem. The moisture flows through the soil, is taken up 
by vegetation, and is evaporated back into the atmosphere. The funda-
tal variables that affect this flow of water are the climate and 
physical envi ronment . The following chapters describe the physi-
landscape, climatic conditions, and the process by which water 
through the ecosystem . 
11 
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CHAPTER THREE : THE PHYSICAL LANDSCAPE 
A description of the landscape can be approached from two directions: 
What currently exists, or what the natural state was. These two direc-
tions were illustrated by Gordon in his discussion of natural or physical 
landscape and the cultural landscape. 
11An archaic term anthropurgic (from Greek for man+ work), is 
revived here because it expresses this idea of man as a unique 
agent of change. Anthropurgic is defined as influenced by the 
exercise of human power; operated upon by man, as distinguished 
from physiurgic, i.e,, produced in the course of nature without 
the intervention of man. 11 (Gordon, 1979:5). 
A description of the natural landscape of St. Thomas, then, would be the 
landscape in its climax form without knowing the influence of humans. 
However, as remarked by Sauer: 
11 ln very many parts of the world, Old and New, man has been on 
hand for so long and in such numbers that great deformation has 
resulted. We can then hardly speak of a natural balance without 
him, since man has been exerting sustained and selective pres-
sures. Except at the climatic extremes, there can be no such 
thing as undisturbed or natural vegetation. 11 (Sauer, 1952:18). 
The problem of describing the natural landscape of St. Thomas is com-
plex. As typical of most island ecosystems, the factor of physical isola-
tion aided in the development of a unique, diverse ecosystem. And yet, 
the lack of extreme environmental pressures affecting this tropical island 
created a fragile system unable to resist ecological disturbances. The 
essibility of St. Thomas to seafaring humans introduced a disturbance 
the ecosystem that has continued for 3500 years. Bennett has stated : 
in the world's islands where man has altered 
marked and dramatic degree, but no such area 
the Caribbean for the total extent of such change. The plant 
12 
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geography of this region has become as much a reflection of cultural as 
of biological and physical processes. 11 (Bennett, 1975:260). 
Currently there is little evidence on which to base a detailed study 
of the St. Thomas original natural landscape. (One paleoethnobotanical 
study has been attempted in this area of the Caribbean, and the results 
have yet to be published.) If Bennett is correct, the majority of the 
Caribbean island vegetation was secondary forest growth at the time of 
historic contact. The lack of paleoethnobotanical and paleoecological 
studies for the Caribbean necessitates a general approach towards describ-
ing the natural landscape in general terms, based upon the climatic, oro-
graphic and edaphic features of the island. 
3.1: CLIMATE 
As in other oceanic ecosystems, the climate plays a key factor in 
the development and sustaining of life. The subtropical temperatures, 
the persistent winds carrying ocean-borne water vapor and the resulting 
precipitation support an equitable maritime environment. The average 
temperature is approximately 80°, with little fluctuation occurring 
during the course of the year. Rain falls throughout the year, occur-
ring less frequently in December, January, and February. The mean 
annual precipitation is approxima.tely 42 inches, though this figure 
Will vary depending upon the elevation and location of the station . The 
environment supports a lush variety of life. Of the 
species of plants recorded by Eggers some 215 species were 
to the Virgin Islands. (Eggers, 1879 :13). 
lacking the extreme seasonal variations found in the temperate zone, 
t1vely minor changes in climatic elements can have a dramatic effect 
14 
on the ecosystem. Ja.ckson remarked, 11 ln dry areas, a few years of low 
rainfall can lead to a deterioration in vegetation which is not always 
reversed in succeeding years of high rainfall. A decrease in protective 
vegetation cover in dry years makes an area more susceptible to flooding 
and erosions when wetter conditions appear, and the deterioration may be 
accelerated. 11 (Jackson, 1977:48). While St. Thomas is not exactly a 
11dry area 11 , it is in the subtropical zone, and the ratio of precipitation 
to potential evapotranspiration indicates it has sub-humid or semi-arid 
tropical climate. The potential evapotranspiration rate is higher than 
the mean annual precipitation. Thus the water supply is relatively 
marginal, and any variability (climatic or otherwise) has great signifi-
cance. 
3.2; TOPOGRAPHY 
Born of volcanic activity, it is estimated that the island of St. 
Thomas has existed for 150 million years. (Donnelly, 1970:1). Basal rocks 
were deposited and consequently altered by folding, faulting, uplifting, 
erosion and by the formation of wave-cut terraces. While most of the 
island is of volcanic origin, a. small formation near Magen's Bay is 
limestone bas~. The sub-strate is illustrated in figure 2 and explained 
1n figure 3. (See figures 2-3) . 
Characterized by its high ridge system, St. Thomas rises ~t the West 
from sea level to 1550 feet on Crown Mountain, and 1504 feet on St. 
Mountain. The East End widens and the ridge fans out to form a 
ng upland of less than 1000 feet elevation. Eighty percent of the 
is contained in mountainous form with most slopes above twenty 
(See figure 4). Soil cover is generally thin, particularlY 
ny slopes approaching 45°, and vegetation plays an important 
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part in soil stability (Donnelly, 1970:11). An illustration of this 
relationship between vegetation and soil stability was observed in 
January of 1981, near Bordeaux Bay. The slope varies from sea level 
to a 45° angle. Recent development activity resulted in the widening 
of a dirt access road down the side of the hill. Within weeks after 
the road cut, the road had eroded down to bedrock with the surrounding 
vegetation two to four feet higher in elevation. (See figure 5). 
3.3: SOILS 
Most soils on St. Thomas were formed in material derived from 
basic volcanic rocks. In general, the base is fine grained and high 
in calcium, magnesium, sodium, and potassium, and the resulting soils 
are fine in texture. Commonly clays and clay loamss these soils are 
well supplied with nutrients. Soils formed in sediments derived from 
soft limestone are also fine textured clays. They are, however, less 
fertile and the depth of soil considerably less than those of volcanic 
origin. 
Soil formation is also influenced by the shape of the terrain. 
18 
The patterns of drainage, erosion, plant cover and soil temperature on 
the mountain slopes create a relatively impermeable, shallow soil subject 
Thus the soils on the slopes are generally young 
Soil material moved downslope is deposited on foot slopes and 
The erosion pressures are considerably lessened and the 
formation is well-developed. These bottom lands are generally deep 
and store precipitation at a faster rate. As most 
Thomas consists of steep terrain, the characteristics of its soil 
be summarized as shallow, impermeable or poor draining soils with 
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little capacity for storing sub-surface water. (Rivera et al, 1970:70). 
3.4: LIFE ZONES 
Based upon the Holdridge classification system, two life zones are. 
found in St. Thomas: the subtropical dry forest and the subtropical 
moist forest. (See figure 6). According to Eggers {1879:6) there exist 
four vegetation zones in the Virgin Islands: littoral, shrubby (croton 
vegetation), the sylvan (mixed evergreen and deciduous forest), and the 
region of cultivation. In a terrestrial vegetation map drawn by Zube 
(1968), there are eight zones: beach, mangrove, croton-acacia, wind 
flattened scrub, cactus-scrub woodlands, dry forest, moist forest and 
rain forest. (See figure 7). 
The life zone concept is a cultural scheme . While an orderly 
classification of the ecosystem is necessary for the study, the pat-
terns seen in nature are rarely constrained to distinct boundaries. 
Transition zones occur between life zones, the characteristics of which 
vary greatly due to differences in the local environment. As communi-
ties are constantly changing, so too are the definitions of those 
communities. A description of the island in 1500 A.D. might be totally 
different from the island in 1600 B.C., and different from the island 
today. There are, however, factors that are relatively constant, and by 
lyzing these factors a predictive model can be formed illustrating 
potential life zones of St. Thomas. By identifying the relation-
ps between soils, topography, and climate, four general zones occur 
St. Thomas, with several community types within each zone. These 
include Holdridge's subtropical dry forest and subtropical moist 
t zones, as well as the transitional vegetation, occurring between 
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moist and wet forest, and known here as the wet forest zone . In addition, 
the littoral zone is considered. These zones are broadly interpreted onto 
a map, representing the natural range of communities. Definitions of the 
formations are taken from Beard's 1944 studies of the natural vegetation 
of Tobago, British West Indies, and climax vegetation of Tropical America, 
Ewel and Whitmore's study of the ecozones of Puerto Rico and the U.S. 
Virgin Islands (1973) and from analysis of coastal zone ecosystems in the 
U.S. Virgin Islands. (See figure 8). 
LITTORAL ZONE: Broadly defined as the transition zone between land and 
sea, the littoral zone is characterized by many specially adapted life 
forms able to live under extreme conditions. Habitats include associa-
tions between the off shore (coral reefs, sandy sea beds and grass beds), 
the shoreline (beaches, rocky shores and cliffs) . and communities such 
as mangroves and salt ponds. (See figure 9). Littoral woodlands occur 
in this zone, but as they are components of the subtropical dry forest, 
th~y wilJ be discussed in that section . 
ICAL DRY FOREST ZONE: There are four major associations in this 
the wind flattened scrub, cactus-scrub woodland, thorn woodland, 
dry forest with cactus. The vegetation is found in the drier parts 
the island and near the shore. Mean annual rainfall ranges from 
to lOOOmm and according to Holdridge, et al (1971), the potential 
nspiration rate exceeds the amount of precipitation received in 
Vegetation tends to form a complete ground cover, leaves are 
and succulent or coriaceous, and species with thorns and 
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spines are common. (Ewel & Whitmore 1973 :15-16). 
Thorn Woodland: The thorn woodland is a fairly open scrubby community 
consisting largely of hard-leaved evergreen trees 3 to 10 meters high, 
of which most trees are thorny. There is no grass cover, and the only 
low-growing vegetation consists of a few Bromeliaceae and succulents. 
(Richards, 1979:321). 
Cactus-Scrub Woodland: Open vegetation is dominated by columnar cacti 
and prickly pears (Opuntia sp.) mingled with scattered thorny bushes 
and shrubs. There is no grass cover and the ground is often bare. 
(Richards, 1979:321). 
Wind-Flattened Scrub : A strong, salt-laden sea breeze combined with a 
limestone base produces an extreme edapho-atmospheric association in 
which vegetati on is open. The trees are wind- sculpted, and often less 
than five meters tall. 
26 
Dry Forest Wi th Cactus: Also known as the subtropical deciduous forest , 
dry forest cactus is a two storied community in which trees may 
Lianas and epiphytes are rare. Trees are not but-
stilt roots are absent, but there are a few important armed 
While palms are not usually represented, small fan-pal ms 
toes) are sometimes abundant. It is largely deciduous forest 
understory. Ground vegetation is scarce, and the soil 
(Beard 1944:140). (See figures 10 and 11). 
.
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SUBTROPICAL MOIST FOREST ZONE: In this mixed evergreen-deciduous forest, 
annual rainfall varies between 1000 or 1100mm to 2000 or 2200mm. Trees 
grow to a height of 20 meters, and epiphytes are common. This zone is 
found along the ridge tops and north side of the island, as well as 
along the banks of intermittent streams. Mangrove swamps occurring in 
this high rainfall zone are taller than those occurring in drier areas. 
(Ewel and Whitmore, 1973:27, 29). 
SUBTROPICAL WET FOREST ZONE: Vegetation in this zone is relatively rich 
in species, with epiphytic ferns, bromeliads and orchids common. The 
forests are evergreen and consist of three stories, the highest of which 
will reach 30 meters. Individual trees may reach large sizes, but "the 
general impression is of an occasional huge tree in the midst of smaller 
growth and the closely ranked columnar effect of rain forest is lacking. '' 
(Beard; 1944:138). This vegetation zone is found in only a few places 
on the island, where precipitation and fog drip provide the necessary 
requirements. 
SUMMARY 
This description of the physical landscape has provided a base upon 
ch to build the following chapter on the hydrologic cycle. As stated 
the chapter introduction, thi s treatment of· the natural landsca pe has 
necessarily general. The island ecosystem is constantly changing, 
of the landscape has served to create an 
nt almost totally alien from its prehistoric state. This is 
arly evident when looking at lube's Terrestrial Vegetation Map. 
Drawn in 1968 and based upon the existing surface cover 
30 
much of the island is portrayed as being in the dry forest with cactus zone. 
In figure 8, a representation of prehistoric vegetation zones is presented, 
based upon rainfall distribution, soil, topography and historic accounts. 
In this map much of the island is shown to be covered by moist forest. 
What has caused this change to more xeromorphic vegetation? How is 
this change related to changes in the hydrologic cycle? The following 
chapter explores the concept of the hydrologic cycle, addresses the ques-
tions of climatic and vegetation change, determines the relationship 
between landscape and hydrologic change and suggests the reasons for that 
change. 
CHAPTER FOUR: THE HYDROLOGIC CYCLE 
Isolated from the mainland by 1000 miles of ocean, St. Thomas is vir-
tually dependent upon rain as its fresh water source. Water vapor formed 
over the oceans is transported by the trade winds almost year round. When 
the clouds hit the land mass, the lowering of temperature causes precipita-
tion . The steep terrain of the island encourages a rapid run-off rate, 
though the amount of run-off on slopes will vary according to surface cover. 
Water that is absorbed into the soil becomes soil moisture, and is taken up 
(transpired) into plants, evaporated by the heat of the sun, or percolated 
down to become part of the subsurface water table. When the soil is satu-
rated and the water table full, run-off occurs, returning water to the sea, 
where it is taken in vaporous form. This flow of water is known as the 
hydrologic cycle. (See figure 12). 
One way of illustrating the hydrologic cycle is by utilizing the 
ter budget formula in which the amount of precipitation entering into 
system is equal to the amount of water leaving the system: precipi-
run-off + transpiration + evaporation. The fa c-
that determine the amount of water withheld in the soil, transpired 
vegetation, evaporated from the plants and soil, and run-off in-
flows are complex. Soil type, depth of soil, the parent bed-
and temperature can all determine or change 
in the natural water budget. Thus two areas may receive 
of rainfall but, because of differences in one or more of 
ables affecting the flow of water, the proportions of the water 
11 be different. (See figure 13). The more these variables 
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encourage infiltration, the less will be the proportion of rain lost 
immediately as surface flow. The greater proportion of rain infiltrat-
ing will cause a more even, rather than rapid, run-off and streamflow 
will be prolonged. In the same vein, the more these variables discour-
age evaporation, the less water will be immediately lost to the atmos-
phere. Given an adequate supply of water, evaporation in the tropics 
is high. Potential evapotranspiration remains high throughout the year 
due to the small variation in solar radiation. Since the greatest l oss 
of water occurs through evapotranspiration, with a constant atmospheric 
demand, differences in vegetation transpiration rates then play a 
crucial factor in water loss. Different vegetation types will accord-
ingly have different root depths, and those with the potential to grow 
34 
to a greater depth will have more water available to use in transpiration. 
Bare soil or scanty vegetation such as grasses will shortly give up all 
availabl~ soil moisture, but lock in the lower water molecules. A more 
vegetation such as a scrub forest will , due to its greater root 
capability, be able to tap the water below the surface lines. 
1977:104). 
The hydrologic cycle is a key concept in understanding the flow of 
As each geographic area is unique, so too i s the particular way 
ich water is cycled through the local enviornment . Presented in 
following section are the specific variables that influence the 
logic cycle in St. Thomas. 
BUDGET 
the average annual rainfall is 44 inches. The average 
rature is 80°f, and the annual potential evapotranspi ration 
inches. These figures, in combination with topographic featu res 
35 
provide the parameters for the water budget. (See f i gu re 13). It is 
seen that the greatest amount of water loss is due to evapotranspiration. 
Consequently, changes in the ability of the vegetation to transpire will 
affect the amount of water retained in the soil. The flow of a stream 
during the dry season depends upon, in large part, the availability of 
moisture in the soil. Thus a change in the amount of rainfall entering 
the island system, or a change in the amount leaving through evapotran-
spiration, will stimulate a change in stream flow patterns. 
4.2: CLIMATE 
As previously mentioned, the average temperature of St. Thomas is 
80°f. The fluctuation of temperature through the year is minor, 15.8°f, 
and the average daily fluctuation is 15°f. (See figure 14). Can a 
correlation be found between temperature changes and a decrease in water 
availability? Increased temperatures will cause additional water stress 
on plants and a potential deterioration of the vegetation as well as a 
decrease in soil moisture due to direct evaporation. By looking at the 
cljmategraphs presented in figure 19, the average dai ly temperature for 
3, 1917-1941, 1930-1940, and 1931-1955 is seen to have changed very 
It is concluded that changes in the surface cover and evapo-
rates cannot be attributed to changes in atmospheric 
An additional factor where temperature is crucial is in the forma-
Tropical cyclones, or hurricanes, are formed over 
temperature of at least 82°f (27°c). Characterized by 
heavy rainfalls, the intensity of the storm is of major 
The effects of hurricanes can include tidal waves, flooding, 
station through winds, and the impacts to vegetation are often 
Me~ 1Ntoc:.<..tk~ AlR Tet\lpL~~~ 
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dramatic. The character of the vegetation is commonly changed, and the 
contribution of rainfall to the average annual levels i s significant. 
Figure 20 gives a running mean for rainfall at Barrack •s station in St. 
Thomas. Years in which hurricanes passed directly overhead include 1916, 
1924 and 1933 . These are all years in which rainfall was signifi cantl y 
higher than the average annual rainfall. While a seasonal pattern of 
hurricane occurrence can be de termined, there is little pattern to the 
yearly occurrences in the St. Thomas area . (See figure 15 ) . It is 
suggested that a major temperature change resulting in the extensi on of 
the hot season would result in a longer hurricane season, and therefore 
a higher probability of hurricane occurrence in the immediate area. As 
illustrated in figure 14, no such change has occurred in recent years. 
Another important climatic factor in St. Thomas is the circulation 
of winds. The steadiness of the tradewinds are a noted feature in the 
Lesser Antilles. Almos t without exception they bl ow from an easterly 
direction, between North-northeast and South-southeast, and provide a 
round source of moisture in the form of rain. (Smedley, 1962:5). 
Rainfall is seasonal, with the rainy season occurring during August, 
er, October and November, and again in May. Nearly half the ra i n 
during the August-November period. (See figure 16). Rains generally 
form of short, intense showers lasting for a few minu tes. 
of rainfall date back to earlier colonial times, t here 
breaks in the record. 
Depending upon where the rainfall is mea sured, the annual total 
as much as 20 inches . The distribution of rainfall is illustrated 
17 . Topographic features and the direction of the preva iling 
provide a significant difference in the average annual figures. 
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This difference i s il l ustrated in figure 18. Average annual rainfall 
figures for two stations are pl otted for a ten year period and show an 
average ten- i nch difference i n rainfall . Barracks Station is at sea 
level near town, Bonme Esperance is at an elevation of 675 feet. 
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The quest i on of climatic change is a crucial el ement i n determining 
the reasons why the hydrolog i c ba l ance in St. Thomas has changed. The 
records of rainfal l and temperature are i ll ustrated in a series of climate 
graphs (see f i gure 19) and indicate a period of i ncreasing water avai l a-
bi l ity occurring towards the end of the 19th century. Kraus (1955) has 
indicated that rainfa l l was above the 1881-1940 world average in the 
nineteenth century in the tropics, but that there was an abrupt decrease 
at t he turn of the century . He suggests that the period of comparatively 
high tropical rainfall began in the 1820 1 S or earl ier, and postulates 
the sudden decrease resu l ted from a narrowing of the ra i n belts and a 
shorteAing of the wet season. He al so contends that the effects were 
in the subtropics or at the arid boundaries. (Kraus , 1958 ~ 
1977:67) . This theory is supported by the evidence of rainfa ll 
St. Thomas, at least to the effect that rainfall was heavier in the 
and has since declined . Rainfall from 1878-1900 averages 
i nches per year. By 1910 the average had dropped to 43 
(See figure 20). The average annual rainfall increased 
1930 1 S but then dropped to approximately 40 inches in the 1960 1 S. 
21, (Jordan and Cosner, 1974:7), illustrates the ten year running 
and accumu l ated departure from the average based upon the annual 
11 figures . Jordan and Cosner note a long term decline of about 
s in annual rainfall had occurred since the peak surplus in t he 
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193o•s. Jordan later indicates in a 1977 article that St. Thomas may be 
entering a period of deficient rainfall, or drought. 
Whether the decline in rainfall is recent and temporary in nature, 
or is a return to the norm after a period of heavy rainfall in the 18oo•s , 
is a debate that has yet to be settled. But the fact rema ins that a 
minor change in average annual rainfall has occurred since the turn of 
the century, and this undoubtedly has had an effect on the hydrologic 
cycle of St. Thomas. The degree of impact has yet to be shown. Jordan 
has noted: 
11 The mountain basins with their small area and small ground 
water storage capacity are particularly sensitive to variation 
in rainfall, in terms of streamflow and ground water levels. 
A decline in rainfall means less frequent topping off of the 
aquifer. 11 ( 1972:0216). 
And as stated by Jackson, in areas where water supply is marginal, any 
variability has great significance . (1977:48). However, Jordan infers i n 
his article 11 Landuse Effect on the Water Regimen of the Un ited States 
Virgin Islands 11 that the impact of this climatic change to the water 
regime is minor in comparison to the impact associated with the changes 
in land-use. (1973:0216). While the data presented here supports Jordan•s 
observation that a minor climatic change has occurred, the decade since 
publication of Jordan•s articles has seen a slight increase in annual 
Average annual rainfall for the period between 1970 and 1980 
approximately 48 inches, as compared to the 40 inch average for the 
(Daily News, 1980:B-8). It is suggested that the changes in 
amounts over the past century are natural fluctuations, which 
impact on the ecosystem. These fluctuations clearly 
iods of increasing wetness or dryness, but no periods of long-
47 
term drought can be established. 
4.3: THE FLOW OF WATER: RUN-OFF AND SOIL ABSORPTION 
When a rain storm hits St. Thomas, several factors come in to play 
in determining how much water will run off, and how much will be absorbed 
into the soil. The intensity of the storm, the permeability of the soil, 
the surface cover, and the size and slope of the drainage basin are all 
inter-related factors. Storms in St. Thomas are generally short and 
intense and occur over areas with extreme slopes and shallow basins . 
This encourages a rapid run-off during rain showers, allowing l ess time 
for infiltration. An important modifying factor is the permeability of 
the soil and the type of surface cover, as the ability of the soil to 
absorb moisture is directly tied to the surface cover. The soil types in 
St. Thomas vary, but soil is generally high in clay content and poorly 
drained . 
The infiltration capacity i s moderate at best, and has been changed 
since historic times. Deforestation of the island in the late 1600 1 S 
resulted in a rapid erosion of the upper layers of soil. According to 
11 as the soil 1 oses its humus content it becomes 1 ess moisture 
is less effective ... 11 (1977:128). Removal 
the well-structured, humic layers reduced the infiltration rate and led 
increased run-off. While the re-establishment of vegetation provided 
soil stability and decreased the erosion and run-off factors, 
ting damage had been done to the infiltration capacity and nutrient 
1ty of the soil. 
Surface cover can provide a modifying factor on steep terrain in 
of run-off and soil moisture absorption. 11 A rainstorm in 
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a catchment of scanty vegetation will tend to produce a greater total 
volume of streamflow with a more marked peak than if it occurred over an 
area of dense vegetation. 11 (Jackson, 1977:101). A direct relationship 
occurs between the percent of ground covered by vegetation and the amount 
of run-off in a given area. In tropical areas, the rain forest cover is 
most effective in terms of aiding soil absorption and slowing down run-off 
rates. The dense and layered nature of the vegetation slows down the in-
tense rainfall, and more time is allowed for water to inflitrate. In 
addition, the vegetation provides a thick matt of roots, aiding in the 
capacity of the soil to absorb water. Therefore, a surface cover of 
scanty vegetation will allow run-off to occur at a more rapid rate, and 
on a paved or barren surface the run-off will be greatest. This has been 
illustrated by a study in Tanzania where two steep, adjacent slopes were 
analyzed in terms of the relationship between surface cover, erosion, and 
run-off rates. One slope was forested, one cultivated, and in the first 
two years the sediment load of the cultivated area had doubled that of 
the forested area. Streamflow for the forested area was 1%, compared 
with 3% for the cultivated area. (The relatively high infiltration rate 
of the cultivated area was due to the agricultural burning, which provided 
~fertile and highly permeable ash layer). (Jackson, 1977: 105) . 
EVAPOTRANSPIRATION 
As previously illustrated in the water budget, the greatest loss of 
occurs through evapotransp i rat ion. Different plants require differ-
levels of water and transpire at different rates. Consequently vege-
ion associations will, as a group, transpire different amoun t s of 
Factors such as rooting depths , density of plant cover, and 
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ability of the plant to resist evapora tion are important in determining 
evapotranspiration rates. The landscape in St. Thomas contains several 
different vegetation associations, each with its own ratio of water use. 
The moist and wet forest areas , due to their dense vegetation will utilize 
and transpire a high proportion of rainfall. However, more water will be 
absorbed into the soil due to the nature of the forest vegetation, and 
more water will be available for use . In addition, the dense vegetation 
slows down the intensity of rainfall, creating a reduction of stormflow 
that aids in soil stability, permeability, and the consequent production 
of a dry season storm flow. (Jackson, 1977:201). 
The dry forest associations are generally more xerophytic, and 
adapted to drier conditions. The root depths in the scrub forest often 
will reach 20 feet, and this type of vegetation is able to utilize and 
transpire more water. The dry forests are not as dense as moist or wet 
forests, and more run-off occurs. Consequently, the production of a 
dry-season storm flow is less common in areas fed by the more xerophytic 
and sparsely vegetated associations of the dry forest zone. 
Evapotranspiration in the swamp areas of St. Thomas is high, due 
to the combined factors of water available for direct evaporati on at or 
r the surface and the associated plant species that trans pi re a high 
When the drainage of a swamp occurs, the water lost by 
lessened. However, as discussed by Jackson (1977:212), 
tend to regulate the stream flow, and by draining the swamp the 
become less regular and storm flow more intense . 
The other major form of vegetation cover is grass and crop land. 
urrence of grass and crop land is largely related to land-use 
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activities such as grazing and cultivation. The low rainfall and natural 
soil structure accentuates aridity for the shallow rooted plants found in 
this area, as water is able to penetrate to lower levels and the roots 
rarely extend beyond a depth of three feet. (Jordan, 1972:0215). With-
out regular maintenance of the pasture or crop land, succession will occur, 
favoring the more deep rooted bushes and trees such as acacia. (Jac kson, 
1977:135). While a dense grass or crop cover is an efficient means of 
maintaining the water balance, it is seen that the effects of overgrazing 
or intense cultivation will result in a lowering of the water storage 
capacity. This will occur when the land-use exposes bare soil. Exces-
sive trampling by stock or indiscriminate burning practices associated 
with agriculture, results in the destruction of soil structure, and lowe r s 
the infiltration rate of the soil. (Jackson, 1977:172). 
4.5: SUMMARY 
This section has described the natural landscape of St. Thomas and 
. 
has illustrated how the hydrologic balance has been changed. It ha s been 
demonstrated that a marked change in the streamflow of St. Thoma s i s due 
to a combination of factors , predominantly relating to land-use and land-
scape modification. An increase in the amount of run-off, a decrea se in 
the soil, and a subsequent extension of the 
arid associations of the dry forest zone have served to create an 
rease in evapotranspiration . This factor is of great importance t o 
hydrologic flow, as the majority of the water is lost in the cyc le 
evapotranspirati on. Therefore, it is concluded that land-use 
Vities resulting in a change to the surface cover, and a subsequent 
se in evapotranspiration have played a major part in changing the 
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hydrologic cycle. To quote Jordan (1972:0214): 11 Land-uses i n the mounta in 
basins is believed by the author to exert greater influence on stream dis-
charge than do topography, geology and to a degree, even rainfall ... 11 
PART TWO: 
LAND-USES AND LANDSCAPE CHANGE; 
ST. THOMAS CULTURAL HISTORY 
CHAPTER FIVE: HISTORIC OVERVIEW INTRODUCTION 
While the relationship between land-use practices and hydrologic 
change in St. Thomas has been illustrated here, and briefly summarized 
elsewhere (i.e. Jordan, et al, 1972, 1973, 1977; Peebles, et al, 1979; , 
Rivera, et al, 1970), the question of what caused these changes in land-
use has been neglected. 
The following historic overview section will document the change 
in the island economy from a locally oriented way of life, directly 
affected by changes in the environment, and somewhat regulated by that 
environment; to the current pattern of life. In this current pattern, 
dependence upon a foreign economy i s complete in every aspect from the 
importation of food and water to the provision of employment. 
This social/historical approach is taken to better understand 
those aspects of culture change tied directly or indirectly to land-
use change; changes that have affected the hydrologic balance of St. 
Thomas. While the prehistoric and historic eras are briefly sum-
marized, a detailed approach i s taken in describing the culture and 
change in the 20th century. This emphasis ha s been placed 
recent activities because, in terms of land-use change and impacts 
the hydrologic cycle, it has proven to be the crucial period of 
As suggested in the introduction to this thesis, there is a direct 
ationship between economic change and physical environmental change. 
change occurs at too rapid a pace, the culture is unable to per-
the impacts of its actions until a crisis situation ha s developed. 
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This section focuses upon the recent history of change, illustrates how 
the pace of change has increased and identifies what caused the current 
problem of water to evolve . 
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CHAPTER SIX: ST. THOMAS PREHISTORIC ERA 
The prehistoric era on St. Thomas dates from 3500 BP (before pre-
sent: 1950 ) to the 1500 1 S . During this time three major fo rms of sub-
sistence and land-use occurred, an analysis of which is based upon 
evidence found in archeological sites scattered throughout the island. 
(See figure 22). 
6.1: PRECERAMIC PERIOD 
The earliest known inhabitants were hunter-gatherers, whose exploi-
tation of marine, floral and faunal resources occurred intermittently 
over a period of 650 years. Their settlements have been found in the 
littoral zone, lacking ceramics and, it is inferred, agriculture. The 
major food resources were found in the marine environment . Shellfish 
were exploited, and the middens are characterized by species of Area, 
oyster, Gastropoda and Mollusk. The dominant species represented were 
Area ze~ra and Pinctada imbricata (N. Atlantic pearl oyster), and the 
stratigraphy of the midden indicates a dual use, changing to an emphasis 
the other, and so forth. (Lundberg and Pearsall, N.D.). 
While wood artifacts have long si nce deteriorated, it is assumed 
t being fishermen, the people used the hardwoods of the i sland for 
t construction. Plants were also utilized, for food and for twining 
ropes, nets and hammocks . Rocks were shaped and used as tools, 
and ceremonial objects. Little el se is known about these people, 
population size, or length of settlement. The on ly pre-
sites on the island are found at Krum Bay. 
55 
56 
57 
6.2: SALADOID PERIOD 
The next period of occupancy occurred between 100 and 900 A.D., and 
is known as the Saladoid period, a name referring to the type of pottery 
found in the archeological sites. There are only three remaining sites 
on St. Thomas from this period. However, larger sites are found on the 
neighboring islands of St. John, St . Croix and Vieques. Typically, the 
villages are found more inland than the earlier preceramic sites and are 
located along fresh water sources and fertile soil areas. Along with the 
introduction of pottery, a distinct agricultural emphasis is apparent. 
Middens reflect the change in resource use, and the bulk of shell material 
is considerably smaller (Lundberg, 1980:2). Human activities on St. 
Thomas during this period are associated with the practice of shifting 
cultivation. Due to the small number of sites that represent occupat ion 
during the 800 year period, it is suggested that settlement was sporadic. 
There is little evidence to support major villages of long term duration. 
While the introduction of alien plants is first known to occur during 
this period, the impact to the native plant community was fairly minimal. 
Thi s conclusion of minimal impact is based upon the assumption of 
short term use and long periods of relatively limited activity. According 
Bates (1970:233-234), established biological communities are not 
dily penetrated by new species of plants and animals. Anthropogenic 
s are in large part temporary and reversible, dependent upon the 
intervention of human activities. While it has been shown 
oceanic islands are particularly vulnerable to invasion by 
species of plant and animal life (Elton, 1958:77-93), the 
lishment and succession in the community is dependent upon the par-
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tial or complete destruction of the native communities by huma ns . (Harris, 
1966:142). 
6.3: ELANOID PERIOD 
By 900 A.D., the characteristics of the archeological sites change, 
reflecting changes in the settlement and land-use patterns. Pottery 
sherds of the Elenoid type are commonly found in large village and special 
use sites, located in the littoral zone. The number of archeological 
sites increase, reflecting a more intensive settlement history during 
this period. While agriculture is still an important factor in the econ-
omy, a re-establishment of the utilization of marine resources is seen. 
The middens consist of larger quantities of shell and fish remains, though 
not in the great quantities found in the preceramic sites. (Lundberg, 1980: 
2). Manatees, hutias, rock iguanas, sea turtles, flightle ss rails, and an 
insectivore (Nesophontes sp.) have all appeared within archeological con-
text, and were important factors in the prehistoric environment . These 
animals were exploited to the point of extinction . . Figueredo, 1978:39-45). 
Maize, manioc, sweet potatoes, tania, peanut, common bean, lima bean, and 
annual peppers are all cultigens derived from wild species of the Tropical 
American mainland (Sauer, 1950) and were cultivated by the i sland popula-
Other plants cultivated include pineapple, guava, sweet and sour 
' hog plum, mamey, tobacco, calabash gourd, and shrub cotton. (Roumain, 
SUMMARY OF LAND-USE AND LANDSCAPE CHANGE IN THE PREHISTORIC ERA 
The introduction of alien species had its impact on the native plant 
nities and many of these plants are still found today in the fields 
Of more serious consequence was the method of introduction 
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of plant species. The practice of shifting cultivation requires the clear-
ing and burning of land, planting and harvesting for a few seasons, and 
then allowing the land to lie fallow until the cycle is started again. In 
the mainland area, the people would move from field to field, thus minimiz-
ing the impacts to the soil. However, due to the lack of cultivatable land 
in St. Thomas, it is more than likely that during the Elanoid period the 
same fields were cultivated year after year. This would cause a serious 
depletion in the mineral content of the soil, as well as affect the 
nature of the surrounding plant communities. In Charles Bennett's book, 
Man and Earth's Ecosystems (1975:276), Bennett estimates that the majority 
of the Caribbean islands at the time of contact were vegetated by secondary 
plant communities rather than the climax community, a result of the pre-
historic agricultural practices. 
In addition to the introduction of aliens, the prehistoric occupa-
tion of the island resulted in changes to the vegetation. Many natural 
species were exploited for food, timber, and other purposes, with conse-
quent local effects on the distribution and abundance of species. Recorded 
use of the seagrape and cocoplum indicates an accidental or deliberate 
of distribution along the shoreline. (Harris, 1966:76). 
felling of large trees for houses and canoes produced another 
environment. (Roumain, 1943:31). 
The evidence of human activity and cultural impact dur ing the pre-
period is, admittedly, scarce. However, by analyzing the arche-
remains, and utilizing ethnographic and historic accounts of 
on the surrounding island, several patterns can be 
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The social/political organization in the prehistoric period was fairly 
simplistic and local in nature, serving to sustain the existing traditions 
and culture. Change occurred at a slow pace, mostly through outside pres-
sures such as population movement. At the time of historic contact the 
Carib Indians were migrating up through the Antilles chain, warring with 
and conquering the Arawak culture. It is probable that where major cultural 
changes occurred such as the shift from fishing and gathering to slash and 
burn agriculture, the process of change was through the migration of a 
foreign population or culture. 
The economy, or way of life, in the prehistoric period evolved from 
a fishing and gathering subsistence to an agricultural based economy and 
then again to a renewed fishing emphasis complimented by agriculture. 
Trade occurred between islands, as evidenced by artifacts not local in 
origin. The nature of a fishing economy requires some technological skill. 
Local fibers were processed and nets used to capture fish. Hammocks were 
. 
used, the word itself is of Carib origins. Along with the establishment 
of agriculture, came the shaping and firing of clay. Pottery used for 
both practical and ceremonial purposes can be found at the later prehis-
village sites. 
The prehistoric economy can be summarized as a society dependent 
the exploitation of local resources, in which trade with other 
ieties occurred for social or political reasons. It was an era of 
nge from the introduction and adaptation to a rich, oceanic environ-
• to the beginnings of conscious alteration of that environment. 
CHAPTER SEVEN: THE HISTORIC ERA 
The historic era of St. Thomas can be broken down into several 
periods: the early historic (1493-1672), plantation (1672-1733) , trade 
(1733-1848), and the Post Emancipation period (1848-1917). The period 
between 1917 to the present is treated as a separate chapter entitled 
11 Recent Times 11 • 
During the hi storic era, culture change occurred sporadically, 
economic prosperity fluctuating with changes in the European and Ameri-
can political and economic scene. An atmosphere was created whereby the 
local economic and political structure was dominated by external pres-
sures. Population level s during the historic era experienced rapid 
increase and decline, changes which are correlated with the economic 
prosperity of the i sland. Land-use reflected the European demands for 
tobacco, sugar and rum, and later, the support of a town devoted to 
shipping and trade. 
Th is section will illustrate that landscape change during the 
historic period was i ntense on many levels, and yet, the impact to the 
hydrologic cycle was relatively minor. 
EARLY HISTOR IC PERIOD (1493-1672) 
It is undetermined how long the natives continued to occupy the 
After Columbus' voyage of 1493 when he visited and 
the Caribbean Islands, the Virgin Islands were rarely visited by 
By the 17th century the islands were considered to be unin-
During the 1550's, an edict by the Spanish Emperor Charles V 
the colonials to treat the Caribbean natives as enemies and 
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exterminate them. (Knox, 1852:18). Through the raiding of villages for 
slaves to work in the Spanish mines, the official policy of extermination, 
and the introduction of diseases, a very small number of Europeans managed 
to reduce a population of thousands to the point of extinction i n just 
over 100 years. The surviving natives fled southward to the islands of 
Dominica and St. Vincent. A few Carib indians are now living in a govern-
ment reserve on the island of Dominica. 
Settlement during this early historic period was temporary in 
nature. The inability of the Europeans to adapt to the climate and ter-
rain was one factor, but more important was the state of the European 
economy. At this time the emphasis was on obtaining mineral wealth. 
Because of its lack of mineral resources, St. Thomas was left uninhabited. 
Occasional use of its protected harbors wa s made, and it is li kely that 
timbering occurred to make repairs t o ships. 
The earliest attempt to colonize the island is unrecorded , but when 
a small company of French settlers landed in 1647 on St. Thomas, they 
found an already cleared plantation with mature bananas, oranges, citrons 
and lemons. (deBooy and Fari s , 1917:46). Denmar k attempted to settle 
the island in 1665 with Erik Smit as the leader of the Dan ish West Indies 
Company colony. The attempt was short lived due to the unpreparedness of 
the settlers, death of their leader, and frequent raids by the Briti sh. 
In 1672, a second attempt was made by the Danish West Indi es Company, 
s time succeeding due t o a treaty with Britain all owing the Danes to 
lonize the island without arousing British opposition. 
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7.2: PLANTATION PERIOD (1672-1733) 
With the colonization of St. Thomas came the introduction and estab-
lishment of plantation agriculture. The European price of sugar resulted 
in an emphasis in growing sugar, which also meant the production of rum . 
In order to provide the necessary labor, slave trade was encouraged, and 
St. Thomas became the center marketplace for the West Indies due to the 
Danish West Indies and Guinea Company's monopoly. The neutral status of 
Denmark, as well as the trading opportunities provided by the Brandenburg 
Company allowed St. Thomas to become the focal poi nt of the West Indies. 
By 1691, 101 estates were planted. In 1707, the island was described 
by Pere Labat as "a market of great consequence. The town is prosperous, 
the estates small but well kept." (Knox 1852:62-63). In 1715, 160 plan-
tati ons were producing sugar and cotton, 32 estates had their own wind-
powered sugar mil l. In 1724, the island was declared a free port, a 
status that was to be held intermittently over the next century, and the 
population of the t own grew rapidly. Intensive cultivation and rapid 
population growth created a prosperous environment. 
had a population of 4814, living on 177 plantations. 
By 1725 the i sland 
Of this total, 324 
people were white. The proportion of s lave to master was high, and out 
of fear of revolt, heavy regulations and fines were imposed. A series 
in revolt by the half starved slaves of St. John in 
As evidenced by this revolt, the i s land economy was highly sus-
ible to growth regulating factors such as natural disa sters . The 
s proceeding the revolt included a drought during the spring and 
r, a hurricane in July, a plague of insects in the la te summer, 
crops, and an autumn storm destroying the maize 
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crop. Slaves were expected to grow their own food and, when the planters 
ran short, they imported provisions for themselves, but rarely anything 
for their slaves. Tension was high, and the white population was uneasy 
about the ever increasing proportion of blacks to whites. The insurrec-
tion was put down, but the fear of revolt heightened. 
7.3: TRADE PERIOD (1733-1848) 
In 1734 the Danish West Indies and Guinea Company ceased its part 
in the trade of slaves, ending a fifty year monopoly on the trade and 
encouraging the continuing growth of St . Thomas as a trade center. Maxi-
mum cultivation of the island had been reached in 1720, and the acreage 
of land cultivated each year declined. (Evans, 1945:169). The effects 
of sugar production year after year served to deplete an already depau-
porite, or nutrient-poor soil. In 1732 Moravian missionaries had arrived 
to civilize the savages. The policy of the missionaries was to preach and 
teach to the slaves, while working with them. The end result of this was 
missionary-run plantations, where the preacher purchased his slaves to 
work the land and enlarge his spiritual flock. (Furley, 1965:4). 
With the Danish purchase of St. Croix in 1734, hundreds of families 
left St. Thomas to cultivate the fertile soils. The history of intensive 
cultivation had led to the depauporite condition of the soil and hence 
production of sugar in St. Thomas was on the decline. At the same 
Danish West India Company had many fiscal difficulties, termi-
bankruptcy in 1754. The Danish government purchased the company 
the island became a Royal Crown Colony. When the king took over, 
was on the verge of war over the control of India, Canada and the 
As a measure of importance of the West Indies colonies, at 
the end of the war, Britain agonized over which territory to concede to 
France--Canada or the island of Guadelupe. (Westergaard, 1917:157). 
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In 1755, there was again an exodus to St. Croix. In 1756, there was 
not one Danish vessel reported stopping in St. Thomas. Trade was at a low 
and citizens sent a delegation to Denmark to ask that it be made a freeport. 
Ten years later the port was declared free to trade with all nations, and 
commerce again picked up. The status of freeport was intermittent over the 
years, due to its ties with Denmark and the ebb and flow of imperialistic 
conquest. The many small, secluded bays on St. Thomas allowed for the sup-
port of a lucrative smuggling trade which flourished in times of trade re-
strictions. (See figure 23). The American revolution in the 1770 1 S served 
to stimulate St. Thomas commerce, since through trade and smuggling much of 
the Americas were provided with European goods. In 1789, a three year 
drought forced many planters to sell their slaves. In 1792, Denmark became 
the first country to abolish the legalized slave trade. The ending of 
legalized slave trade was a sure indication of the change in the status of 
agri.culture in the colonies. 11 As long as the demand for sugar and cotton 
made it profitable to raise those products, just so long would there be a 
trade. 11 (Evans, 1945:155) . 
Toward the end of the 18th century, St. Thomas 1 importance and pros-
However, the last decade of the century saw great 
ge in the population and commerce. A combination of the French Revo-
Spanish political unrest and the neutral status of Denmark created 
in St. Thomas. Immigrants and political refugees were attracted 
freeport in the West Indies. By 1799, there were more than 
living in the town. A series of fires and epidemics wiped out 
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portions of the town in the next year, but each time it was rebuilt more 
prosperous than before. By 1819, there were over 13,000 people in the 
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town of Charlotte Amalie. Minor fluctuations in the overall prosperity 
occurred when the British held the island in 1801 and again from 1807 to 
1815, closing its freeport status. The war of Spanish Independence (1808-
1825) created a beneficial trade climate for St. Thomas. By 1835 there 
were 14,000 people living on the island, and only 2500 cultivating the 
plantations. (Weinstein, 1962 :39). In 1837, the first bank on the island 
was opened. The Bank of St. Thomas (1837-1898) paid a dividend of 12% 
within six months . By 1840, 80% of the population was involved in trade 
or commerce. (O'Neill, 1972:30). The first half of the 19th century 
marked a period of increasing growth and economic prosperity, a state which 
continued up until 1848. Population was now centered in the town, with 
plantation activity oriented towards supporting the town and provisioning 
the ships rather than the European market. 
In 1847, laws were passed for the emancipation of slaves, allowing 
a 12 year adjustment period. A deteriorating relationship between blacks 
and whites in the island led to a revolt on July 2, 1948, in St. Croix 
that rapidly spread to St. Thomas. Soon after taking over the towns, the 
laves were declared free, ending an era of trade built upon the profits 
an earlier plantation society. 
POST EMANCIPATION PERIOD (1848-1917) 
In 1854, it was estimated that 25% of the effective working force 
lost through emigration in the six years since emancipation. (Dookhan, 
Despite the social instability and labor problems, St . Thomas' 
for trade continued to climb. St. Thomas in 1867 was the center 
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of freight shipping. The harbor had all the facilities for shipping, namely 
coal stations or bunkers for refueling, wharves for unloading, tanks for 
watering and a floating dry dock . But a climax had been reached, and the 
population suffered from the effects of natural disasters. 
In 1853, 100 people died from malaria. In 1853-54, cholera killed 
1865 . Another cholera epidemic killed 1200-1300 people in 1866-67. In an 
attempt to relieve the overcrowded harbor from its state of stagnation, a 
second channel was cut in at Frenchtown in 1867. Shortly after, a hurri cane 
hit the island, coming in from the North and destroying the previously pro-
tected harbor. This disaster was followed by an earthquake and a tidal 
wave, and resulted in an entire harbor filled with wrecked or sunken ships. 
In 1871, two hurricanes hit the island, destroying 400 houses. (Dookhan, 
1976:220). Its reputation of natural healthiness and a safe harbor was 
tarnished, and in 1871, shipping companies began to contemplate alternatives 
to the entrepot in St. Thomas . The establishment of telegraphic connection 
with Europe and the U.S. obviated the necessity for current market informa-
to go through St. Thomas . In 1885, the Royal Mail Steam Packet trans-
ferred their West Indies headquarters to Barbados. Due to the crowded port, 
shallow for steam ships, and a one firm monopoly over the coal 
water supplies on St. Thomas, many other firms followed the Royal Mail 
Packet Company to Barbados. 
The cultivation of the land had basi cally ceased by the end of the 
In 1908 , there was one sugar mi ll on the island, and it was not 
tion. (Westergaard, 1917:255). St. Thomians were surviving through 
of livestock, cutting of wood for charcoal, and the provis ion-
to the occasional steamer. Sabra Holbrook wrote i n The Ameri-
can West Indies: 
Although the government remained Danish, the people were l eft 
pretty much al one. They raised pigs, chickens, goats, and some 
cattle. They grew vegetables . They f ished. When the sea re-
ceded f rom inland ponds, they took the salt it left. They burned 
charcoal for cooking fuel , as they had always done ... If a storm 
or drought destroyed what they had, they began over again, per-
haps on another hillside . (Holbrook,~ 0 1 Neill, 1972:36). 
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By 1916, the i slands were $3 . 75 million in debt to Copenhagen and 
operating at a loss of $190,000 a year. A Royal commissi on report in 1916 
recognized a long list of actions necessary to make the i slands self-
sufficient at a cost of $2 ,240, 000. While a few changes were i nstituted, 
the economy continued to decline. In 1916, in what was considered excel-
lent mi litary strategy against the Kaiser 1 S threat, the U.S . purchased from 
Denmark the Virgin Islands for $25,000,000. (Evans, 1944:36-37). 
7.5: SUMMARY OF LAND-USE AND LANDSCAPE CHANGE IN THE HISTORIC ERA 
Resource use in the plantation period created dramati c and lasting 
scars t o the landscape. The prehi st oric agricultural practices had re-
quired the cl earing of sma ll plots, and short periods of cultivation . 
The plantation system resulted in the clearing of most of the fo rested 
land through fire and an intensive cultivation of land that rapidly de-
pleted the soil nutrients. The co lony was settl ed in 1672 ; by 1670 most 
Of the i sland was cleared and divided into estates. (See figure 24) . 
have been rap id, as soil stability on the steep slopes 
for the most part, by the fores t vegetation. Archeol og i cal 
in the bays, particularly on the Northside of the island 
two foot horizon of steri le soil over the prehi storic ma-
al and~ the historic deposits. ~ohrn~toQ 1981). 
The shift in economic emphas i s from plantati on .to trading port 
lted in a large part of the island l eft uncultivated. 
70 
71 
But as population grew (see figure 25), the need for food resulted in 
a more intensive rural use . Towards the end of the historic period 
much of the island was pasture for cattle and goats. Landscape modi-
fication occurred in every life zone. Coconuts were planted along the 
beaches, marshes were drained, and the spatial distribution of mangroves 
greatly reduced. Wells were built tapping the limited water supply. Stones 
and trees were removed t o build the town, stripping the old mills and 
plantation great houses down to the foundations. Of the 32 wind-powered 
mills reported on St.Thomas in 1715, one is left standing today. 
Widespread removal of the forests resulted in more xeromorphic 
growth once cultivation ceased, and the distr ibution of the dry forest 
and thorn scrub woodland was greatly extended. (Eggers, 1879: 18) . Intro-
duced species had dramatic impacts on the plant, animal and bird popula-
tions. One such species i s the mongoose, which was originally introduced 
to control the rat population and resulted in the rapid population of a 
new predator in the local ecosys tem, filling in a place where none had 
existed before . The mongoose provided a real threat and the eventual 
extinction of several species of birds, iguana and rodents. (Figueredo, 
1978:1). 
With the establishment and growth of Charlotte Ama lie, came the 
gradual fill and pollution of the bay. Conditions were so bad that by 
the mid-1800's the safest harbor in the Caribbean was so crowded with 
riorating ships and refuse from the town that the narrow strip of 
between Careen and Cowells hill was blasted through to provide 
;tional circulation to the harbor. 
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By the end of the historic period, more landscape change had occurred 
in a 400 year period than in the previous 3000 years . And yet while expres-
sions of historic land-use are still in evidence, the impact on the island 
hydrologic cycle was relatively minor. 
The first section of this thesis concluded that the primary cause of 
change in the hydrologic cycle involves changes to the surface cover that 
effect evapotranspiration rates. Devegetation associated with the setting 
up of pl antations was rapidly followed by intensive agriculture. Field 
crops, with the dense matt of shallow roots, served to replace the functions 
of the original forest cover in allowing for percolation and recharge of the 
aquifers without tapping the deeper sources of water. Evapotranspi ra tion 
rates for forest cover are higher than cropland, but the dense, layered 
nature of the forest breaks the impact of heavy rains, allowing for a 
greater proportion of water to be absorbed into the soil. Replacement of 
crops for forest cover would lower the ratio of evapotranspirati on and 
decrease the rate of absorption, resulting in the maintenance of a rela-
tive balance in terms of water availability. 
Towards the end of the historic period much of the land was converted 
from crops to pasture for livestock. Pastureland, when well maintained, 
serves the same function of cropland in terms of surface cover, absorption 
and evapotranspiration. However, when overgrazing occurs, the soi l and 
vegetative cover deteriorates. Pioneering plants such as Acacia sp. wil l 
the pasture and result in an extens ion of dry forest woodlands . 
transpiration rates will climb, as absorption rates decline. 
While overgrazing might have occurred at the end of the hi storic 
impacts of this activity would not have been felt immediately. 
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As Kraus (1955) noted, the last half of the 1800 1 s was an above average 
rainfall period for the tropics. The impacts of land-use to the surface 
cover transpiration and soil absorption rates would be offset by the 
increase in rainfall. Not until a return to the regular level of rainfall, 
and a continuing misuse of the land, would the impacts of land-use be seen 
in the change in water availability. 
DeBooy and Faris noted in 1918 that an absolute water shortage had 
never been known to occur on St. Thomas. It is concluded that the problem 
of water availability on St. Thomas, while influenced by changes in cul-
ture and land-use in the historic period, is a relatively recent problem. 
CHAPTER EIGHT: RECENT TIMES 
Land-use and landscape change are directly related to change in the 
economic and political structure. The United States purchase of the Virgin 
Islands marked the beginning of an era of rapid change. Population levels 
increased and the economic and political structure changed within a few 
short years from minor colonial dependence on the Danish motherland, to 
an almost total economic and political dependence on the United States. 
As the pace of change increased, so too did the magnitude of impacts. 
Rather than sporadic periods of development and prosperity common i n 
the historic era, the recent period is characterized by a continual push 
at the federal level to achieve United States' standards of li ving. 
Economic success was to be implemented by various federal programs and 
incentives, and the ongoing support of failing programs and introduction 
of new ones caused an ever-increasing rate of change. 
A detailed look at how the political and economic structure has 
changed is provided in the following chapters, with an emphasis on de-
termining what caused the changes to occur. The periods of Naval Rule 
(1917-1931), New Deal (1931-1940), World War II and Post War (1941-1954), 
and current period of Tourist Economy (1950's to present) are explored, 
and the reasons for land-use and landscape change identified. The rela-
between recent cu ltu ral and land-use change to the hydrologic 
is then discussed. 
NAVAL RULE (1917-1931) 
United States possession of the Virgin Islands occurred on March 31, 
• A territorial government was organized under a temporary constitu-
and administered by the Department of the Navy. This constitution 
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was intended to serve in the transition from the previous Danish system to 
an American set of l aws, customs and ideals. Evans has noted: 11 0nce a 
definitive constitution has been drawn up and the respective courts have 
rendered their decisions on moot points, the administration of a terri-
toria l possession fo ll ows more or l ess a prescri bed pattern.'' (Evans, 
1945:261). The temporary constitution in the Virgin Islands remained in 
effect for more than 18 years, and the prescribed pattern followed was 
one of continuing loca l economic decline and increasing dependence on the 
federa l government. Th i s chapter explores the chain of events wh ich have 
instigated socia l and economic patterns, which in turn have led to the 
envi ronmental crisis found on St . Thomas today . 
In 1919, a delegation was sent to Wash ington D.C. to report on the 
condi t ions in the Vi rgi n Islands and request additional financial support. 
Report i ng to the Senate, Mr. Francis stated that only 3% of the land was 
owned by natives. The remaining 97% was owned by Europeans who would not 
sell or l ease. The island inhabitants had l ittle opportunity to make a 
liv-ing off the land. He further stated: 11 The people are approaching a 
condition of starvation . There is not work enough for men to support 
their families and they cannot secure land upon which to raise products 
for family support." ( SR 160 [66-1], 1919). 
The following decade was to see little change in the economic and 
ial problems reported to congress in 1919. In 1927, Thomas A. Dickinson 
te an article entitl ed "The Economic Crisis in the Virgin Islands". In 
s articl e he summarized the economic problems of the Virgin Islands as 
result of an outmoded feudal system firmly entrenched in the 
c, political and social structure. Dickinson illustrates this 
point by stating: 
"In St. Thomas 60% of the total acreage is held by 15 owners. 
The landowners made no pretense at proper capitalist use of his 
land, jealously holding it ... as a speculative property to be 
bought up at immoderate prices by wealthy American visitors who 
somehow never materialized." (Dickinson, 1927:318-381). 
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Between 1918 and 1931 over a quarter of a million dollars were an-
nually appropriated by Congress for the improvement of the Virgin Islands, 
in addition to an annual average of $300,000 to run the Naval government. 
Large amounts were spent to cover the municipal deficits, pay U.S. expenses 
(administration and projects outside of the municipal budget) and provide 
pay and allowance for the naval and civil service personnel . (Evans, 
1944:9). Evans noted: "The islands enjoy the distinction of being per-
haps the most heavily subsidized of any comparable colonial possessions, 
certainly of any in the West Indies ... The nearly self-sustaining finances 
of the Danes were changed by the Navy into a condition where the Un ited 
States covered more than half of the local expenditures." (1944:157) . 
Despite the large amounts of money appropriated by Congress and 
used by the naval administration, little economic improvement was seen. 
In 1929, Congress authorized a Bureau of Efficiency investigat ion into 
the administration and economy of the island. While the report was being 
tten the Danish company that controlled the St . Croix sugar business 
leaving a thousand people unemployed and several hun-
other people directly effected. If it had not been for the Red Cross 
food supplies, it is likely that people on St. Croix would have 
During the 1930-31 period, about 25% of tha t island's population 
on the Red Cross for sustenance. (O'Neill, 1972:47-48). 
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Why, if so much money was being spent, was there so l ittle change in 
the economy and general welfare of the people? Much of the reason has to 
do with the distribution of l oca l power. The administration was a mili -
tary rule, acting under a pres identia l appointed govenor who had consider-
able power. Municipal councils which had been set up under Dani sh rule 
still exi sted, and the role of these council s were largely advisory . 
Deci sions as t o how to improve the Vi rgin Islands and the priority of 
funding projects fell on the shoul ders of the nava l government . Wh ile 
fair progress was made in improving health conditions, public works such 
as building and improving roads, and the construction of a water catch-
ment/cistern system, the first rule of the Navy was 11 don•t make waves 11 • 
(0 1 Neill, 1972:47). Little was done that did not meet the support and 
approval of the local 11 royal famili es 11 who controlled the municipal 
council s . The emigration rate during this period attests to the social 
and economic problems; Lewi s noted t hat t he emigration rate dur i ng the 
period of naval admin i stration rose 15% He went on t o state that i n 1931 
11 the Virgins were substantially a depressed colonial society. 
Deeply rooted in an economy whose tradi tional ly domi nant oc-
cupations remained the same in 1931 as they had in 1917, estate 
agriculture based upon t he cheap Negroe labor in St . Croix and 
harbor commerce based on the hard-pressed clerks and stevedores 
in St. Thomas, the socia l structure remai ned rigidly conserva-
tive , gross ly undemocra tic, and profoundly inegalitarian. 11 
(Lewis, 1972:59) . 
Naval rule di d littl e to break the barriers between the wealthy and 
very poor, and in many ways it reinforced the wide gap . The munici pal 
ils which advi sed the admini strati on were representative of onl y the 
Under l oca l l aw on ly ma les 25 years of age earning 
per Year or own ing $60 worth of land i n St . Croi x, $140 worth of 
in St. Thomas could vote . In 1920 , only 321 peopl e out of a total 
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population of 26,000 were eligible to vote. (HD:734 [66-2]). In 1930, 
less that 10% of the total population in the Virgin Islands of 22,000 
were eligible to vote. (Evans, 1944 :277). In many districts councilmen 
were elected by less than a score of voters. In testimony supporting the 
1919 Senate report on the economic conditions in the Virgin Islands, it 
was noted that the judge of the islands was also a member of the legisla-
tive assembly that made the laws, the municipal council, the chief of 
police, and the collector of taxes. Evans stated that the navy did not 
support the idea of enlarging the autonomy of the islands, or reducing in 
any way the powers of the governor. (Evans, 1944:277) . 
Nor, it can be inferred, did the wealthy class. The two often 
worked together in achieving mutually beneficial arrangements or congres-
sional appropriations. When Congress was considering t he changing of 
department administration of the Virgin Islands, the navy government 
appealed to the municipal councils to send a protest delegation to Con-
gress. The council failed to act in time and in 1931 the administration 
of the Virgin Islands was changed by executive order of President Herbert 
Hoover from the Department of the Navy to the Department of the Interi or . 
In 1935, the municipal council, belated ly, sent a petition to Congress 
requesting the return of the naval administration. (Lewis, 1944:71). 
o•Neill noted that: long before the word 11 depression 11 en t ered the 
statesiders consciousness, the Virgins were in one. (1972:48). About 
force was without employment from 1930-1933. The Depart-
t of Interior found itself responsible for the administrati on of a 
tory whose standard of living was only maintained through the liberal, 
regular appropriations of Congress. 
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8.2: NEW DEAL (1931-1940) 
In 1929, the Director of the Bureau of Efficiency, Herbert D. Brown, 
was sent to the Virgin Islands to make a thorough study of the government's 
management procedures and techniques. Brown wrote a 900 page report de-
scribing the economic, socia l and political status of the islands, pro-
viding a recommended program for change, and concluding with three options 
for Washington: 
1. Let the Virgin Islands live on their own resources as the 
rest of the West Indies were doing. 
2. Continue appropriations as they have been in the past, with 
the possibility of eventual progress. 
3. Increase appropriations sufficiently to do "energetically 
and at once the things that are necessary to bring about 
improved conditions", with the ultimate goal of making the 
islands self-supporting. (O'Neill, 1972:47). 
The Hoover administration supported Brown's findings before Congress, and 
the necessary funds were set aside for the program of rehabi litation. The 
New Deal in the Virgin Islands occurred two years before Franklin Delano 
Roosevelt was nominated for the presidency. 
Brown's recommendati on was accepted by Congress under the assurance 
that by supplying an initial large capital, the islands "in a very few 
years" could be made self-supporting by the adoption of an adequate tax 
(Evans, 1944:156). This did not come about as planned. In the 
between 1917-1941, the United States spent some 13 million dollars 
islands, and despite the New Deal, the social welfare and economic 
lems remained in many ways worse than before and agricultural develop-
t through the Homestead Act was a dismal failure. The rehabilitation 
the development of the Homestead Act, a handicraft co-op, 
tion and support of the Virgin Islands Co. (a sugar industry on St . 
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Croix) and the redevelopment of Bluebeard's Castle into a tourist establish-
ment. Of all these programs, only the tourist hotel at Bluebeard's castle 
was a success, of very minor importance to the populace. The government 
hotel opened in January, 1935, with rates varying between $32-70 per week. 
The average laborer in St. Thomas earned at that time $75 per year. (De-
partment of Interior, 1936:22). The gap between the rich and poor was made 
even wider. 
One of the less successful programs of this period was the attempt 
to encourage subsistence and cash crop agriculture. The Homestead Act was 
implemented in St. Thomas in 1935, and its initial success was soon dampened 
by the impacts of poor agricultural techn iques, overgrazing and abandonment. 
Six hundred and ten acres were purchased by the government and then sold in 
lots on a twenty-year repayment plan to local farmers. An average size 
plot was si x acres. A 1936 publication put out by the Department of 
Interior noted : 11 ••• though the i sland of St. Thomas is rather rugged for 
agriculture, and though few of its people have any farm interest or farm-
ing experience, a homestead project has been set up to encourage small 
farm development and ownership. 11 (1936:1). Farming was only a barely 
viable success during the plantation period, on an average of fifty acres, 
th relatively fertile soils, economic demand for produce, and slave 
The soil conditions by 1936 were poor at best, and as stated above, 
people had any interest or experience in farming. Of the fifty lots 
succeeded. More commonly the land was grazed by cattle and 
• cleared and burned for charcoal, or stripped of its stone to be 
in town construction. The attempt to encourage agriculture had 
ted in the eventual over-intensive use of the land. 
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Even though the government-owned companies showed little or no profit, 
New Deal money kept flowing to the Virgin Islands. By 1938, $3.5 million 
had been invested in these projects, and a climate of "Washington will 
take care of us 11 was being firmly established. The various rehabilita t i on 
schemes failed throughout to generate full employment and tax revenues had 
yet to match, let alone surpass the amount of federal support. The decision 
to establish a Marine Corps base in 1935 and a submarine base in 1939 indi-
cated the "economy would fall back upon the medicine of locally established 
federal direct employment agencies." (Lewis, 1972:72). 
8.3: WORLD WAR II AND POST WAR {1941-1954) 
As Pearl Harbor abruptly terminated the New Deal program stateside, 
so did it change the course of attempted reform in the Virgin Islands. 
Extensive defense employment and abnormal revenues resulted in a boom-
town atmosphere in St. Thomas. Almost overnight the island achieved full-
time employment status, attracting laborers from the outer islands. Po p-
ulation skyrocketed, as did population pressures on the environment. In 
the· period between 1931-1943, the cost of living increased 37%, as com-
pared to a stateside increase of 26%. (Lewis, 1972:94). The neglect of 
local health and sanitation by the Department of Interior during the pre-
decade created an acute problem as the population increased. These 
problems were unalleviated, as, unlike past war time economic booms, the 
prosperity in the Virgin Islands was short lived . 
The result of the short-term prosperity wa s an increase in population 
an accentuation in the social and environmental problems of the island. 
landlord-merchant oligarchy had survived the New Deal and been strength-
during the war. There was a high degree of monopoly as the population 
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continued to rely on imports. The post-war economic organization and social 
structure remained unchanged, except for the fact that the gap between the 
two classes of wealthy and poor had widened as a few people made lasting 
profits on the black market and thousands of illegal immigrants moved to 
St. Thomas in search of employment. 
By 1945, the public policy in Charlotte Amalie increasingly became 
one of persuading Congress of their eligibility for welfare-state benefits. 
The idea that 11 Washington would provide 11 had prevailed through the decade. 
The annual governor's report for 1944 stated that: 
11 As anticipated in the annual report for the preceding fiscal 
year, unemployment--despite the repatriation of many foreign 
workers who had been imported for defense construction--was the 
most serious consideration in the Virgin Islands during the year 
under review. 11 (Department of Interior, 1944:2). 
The 1945 annual report mentioned the possible importance of tourism to the 
economy, observing the increasing use by army and navy personnel. It later 
went on to express doubt that the islands 11 Can ever become self-supporting 
on any permanent and sound basis ... 11 (1945:2, 16). The 1946 report 
stated that the 
11 
••• underlying economic problem of the Virgin Islands is the 
fact that a large amount of money is sent out of the communities 
in payment for food, clothes and other commodities produced 
abroad, while very little money comes from the outside for 
things that are produced in the islands. 11 (1947:3). 
While perhaps a very simplified version of the problems of the economy, the 
import/export dichotomy was accurate, and not unique to 1946. (See figure 
The years after the war saw continuing economic decline and ceaseless 
government for an answer to the financial problems of the 
That answer was found in the tourist industry. 
DEVELOPMENT OF THE TOURIST INDUSTRY 
In 1832, John P. Knox wrote a book entitled A Historical Account of 
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St. Thomas, West Indies. In it, he devoted an entire chapter to tourism, 
listing the easiest travel routes, fares, places to stay , sights to see, 
and items necessary to bring along. In 1918, deBooy and Faris published 
a descriptive account of the newly purchased Virg i n Islands, with a notice-
able emphasis on the encouragement of tourist visits, including a chapter 
entitled 11 Hints for the Tourist". 
While economic studies of the Virgin Islands tend to place 1950 as 
the beginning of the planning and growth of the tourist industry (see : 
Virgin Islands Trade Study, 1979 and The Significance of Tourism in the 
U.S. Virgin Islands, 1976), the merchants of St. Thomas have long benefit-
ted from and schemed for the growth of the tourist industry. United 
States policy supporting or encouraging the tourist trade is seen as 
early as 1919, where a report to the Senate on the economic condition of 
the Virgin Islands emphasized the "great possibilities in these islands". 
(SR160[66-l]). A 1920 Congressional Report emphasized the development of 
roads, which would be not only helpful to the poeple, but would support 
the development of a tourist trade. 11 With the acquisition of water and 
the development of good roads and hotel facilities these islands might 
become a great resort for the people of the United States 11 • (HR161[66-2] ) . 
The Bureau of Efficiency report in 1930 placed as first priority i n 
its rehabilitation program the rebuilding of the Grand Hotel in order t o 
attract tourists. One of the first actions and only major success of the 
New Deal program was the government purchase and renovation of Bluebeard's 
castle, creati ng a government-owned hotel. (The Grand Hotel was later 
remodeled by private parties.) The annual report of the Governor of the 
Virgin Islands for 1938 reported that the 11 hotel has proved to be a use-
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ful means of attracting visitors to the Virgin Islands and has adequately 
fulfilled the purposes for which it was originally established 11 , (Depart-
ment of Interior, 1939:8 ). 
Another significant step towards the development of a tourist industry 
was the creation of the Organic Act. Pas sed in 1936 and implemented in 1939, 
the act re sulted in, fo r the first ti me , municipal councils elected by the 
majority of the people. (The wealthy facti on still remai ned i n control 
however, as it took money and time to be elected into office.) The legi s-
lative actions reported in the annual report for 1939 noted: 
11 Under a law passed by the municipality of St. Thoma s and St. 
John , there was created a •vi rgin Islands Board of Business and 
Tourist Development• which is assisting in the development and 
administration of plans to increase and improve facilities.•• 
(Department of Interior, 1940:10). 
As a measure of importance to the loca l council, thi s cor poration was devel -
oped and approved by the counc il whil e such i ssues as the elimination of 
privies and the •night so il service•, an ord inance to quarantine the entry 
t o the municipality of people with dangerous, communicab le diseases, and 
the creation of a municipa l housing authority to undertake sl um clearance 
(despite the fact that the federal government would be providing total 
funding ) were left unre so lved . The municipal council had made its 
priorities clear. (Department of Interior, 1940:10) . 
The federal government po li cy in funding and supporting development 
programs was guided by the advisory effort s of the municipal counci l s . 
Those council s were representative of the succes sfu l minority, and the 
continued emphasis on the development of the touri st trade held finan cial 
Priority over such things as the health and welfare of the general popu lace . 
That the long range planning was successful is evident today, but the same 
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costs are also evident. Unemployment, housing and food shortages have been 
a consistent problem throughout the U.S. possession, and yet considerations 
such as road improvements have had higher priority in the annual budget. 
The 1938 annual Governor's report stated: 
"In St. Thomas the program (roads) is intimately concerned 
with the development of this island as a tourist center. Al-
ready the improvement of certain roads has led to the purchase 
of land hitherto inaccessible areas by those who are interested 
in constructing residences for their own use or for rental to 
winter residents." 
The tourist trade saw a substantial increase in the years before the 
war, with a number of cruise ships calling in the summer of 1939, several 
shops were established to cater to the tourist trade. 
In 1944, the Committee on Insular Affairs report stated the U.S. 
intent to assist in the internal development of the Virgin Islands. Recom-
mended improvements were hospitals, sanitary, water-supplies, roads and 
streets, and recreational facilities . . . 
"once these have been completed the economy of the Virgin Islands 
will be benefitted greatly through increased tourist trade because 
of the attraction of the natural beauty of the islands and the 
mild weather there ... " (HR1673[78-2]). 
The logic was sound. What better way to improve the economy and 
create a self-supporting territory than to plan for, support and stimulate 
the development of an industry. The problem with the tourist trade is tha t 
only a few people really profitted. The majority of the people received 
very little share of the prosperity, other than sharing a physically 
deteriorated environment. In 1954, it was estimated that forty percent 
of the land in St. Thomas was owned by 12 individual firms or heirs; the 
other major land owner was the government. Despite the efforts of the 
Homestead Act and the New Deal, the redistribution of wealth in St. Thomas 
did not occur. By the time of the beginning of the recognized period of 
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tourist development (1950 1 s) the land, business, government policy, plan-
ning and law making had long been in the hands of a very small minority. 
The physical effects of the tourist industry were not seen until the 1950 1 S, 
but the socio/political and economic ground work had long been laid. 
8.5: 1950 1 s--PRESENT 
In 1956, the February issue of National Geographic featured a two 
page aerjal photo of Charlotte Amalie and a large part of the island of 
St. Thomas. The blue waters of the harbor were offset by the crests of 
hills, bare of houses. Dirt roads climb the hillside. The only 11 neW 11 
thing observed is the Virgin Islands Hotel . To build this hotel the 
broad beach at Brewers Bay, two miles from the site, was stripped of its 
sand. As 0 1 Neill noted: 11 Development, Vi rgin Islands style, had begun. 11 
(1972:60). 
The 1950 1 S and 1960 1 s were marked by a dramatic population growth 
and economic prosperity, attributed to the 11 rapid development 11 of the 
tourist industry. (See figure 27). Land values in St. Thomas increased 
from $10 .00 per acre in the early 1950 1 S to $25-40,000 in 1969 for half-
acre sites. There were no restraints to growth, the lawma kers themselves 
being the few who prospered greatly. 0 1 Neill summarized the development 
period as 11 an orgy of myopic moneymaking. 11 A statement in his book about 
that period by a fo rmer island resident puts the situation in more detailed 
terms: 
11 If I were writing a book of the island in those days I would 
call it 1 the $100 million mistake 1 , because that 1 s how much money 
which should have gone into schools, and hospitals, and roads, 
and social services, and in building things for the people of the 
islands, just disappeared. Don 1 t ask me where it went . I don 1 t 
know. But it went out there by the suitcase full. 11 (1972:75). 
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In 1961, Ralph Paiewonsky was sworn in as governor and the fede ra·l role 
in the Virgin Islands made advisory. The reorganization of the Organic Act 
had been passed in 1936, and the powers of the local government increased 
greatly. The federal government, in addition to the 1917 treaty agreemen t 
that returned all taxes collected in the islands to the local government, 
enacted an agreement where by all excise taxes collected on Virgin Islands 
products sold stateside would be returned to the local territorial govern-
ment. Between 1963 and 1969, there was a 520% increase in governmental 
revenues, of which only a little more than 25% came from sources used by 
state governments (property taxes, for instance) . In the eight years that 
Paiewonsky was governor one half billion dollars flowed into the territorial 
treasury, and one half billion was spent . 
Improvement was not made in terms of roads, schools, housing, and 
sewage treatment . The emphasis was on supplicating the tourist industry 
and few barriers were placed in the way of developers. Beaches and protected 
bays were soon closed to the public, monopolized by the private hotels and 
condominium developments. By the end of the 1960's there were only three 
beaches that were open to the native inhabitants. And growt h in the rural 
areas had increased ten-fold. Yet, little of the new housing was for natives. 
The government had failed to provide the Virgin Islanders with decent 
schooling, adequate housing, good health facilities, and a protected env i ron-
ment; however, the one thing the government did do with its burst of prosper-
ity was to provide the native with a government job. (O'Neill, 1972:36-37). 
When Paiewonsky took office in 1961 there were 2700 people working for the 
government . When he left eight years later there were 71 00 employed by 
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the government. An instant middle class had been created by putting the is-
land's natives on the payroll, a payroll that ate up two thirds of the gov-
ernment's operating expenses. (O'Neill, 1972:88). 
While the tourist industry brings the most money to st . Thomas, it can 
be said that the number one industry in terms of employment is the govern-
ment. A 1975 study conducted by the Economic Development Department esti-
mated that tourism contributes between 33 to 50% of the Territory's gross 
domestic product. In the Federal Maritime Commission publication ''Virgin 
Islands Trade Study: An Economic Analysis", it was shown that the local 
government accounts for 35% of all nonagricultural wage and salary employ-
ment. The federal and territorial governments together employed a total of 
12,820 persons in 1978, 37.1% of the total work force. In comparison, the 
tourist industry directly employs approximately 20%. (1979, II:44) . 
The pattern set by Paiewonsky in the 1960's has yet to be broken. 
With the growth of the touri s t industry, the island has prospered. Cater-
ing to the milli ons of visitors who annually vacation in the islands pro-
vides employment for a substantial portion of the Territory's work force. 
An increase in revenues ha s provided funding for government jobs : the 
major employer in the i slands is the government. A solution to the problem 
of an impoverished population has been found by putting the populace on the 
government payroll. 
Much of the population of the island is dependent, directly or indi-
rectly, on the continu ing prosperity of a tourist-based economy. This depen-
dence has created a fragile economy, where any dislocation in the mainland 
economy could have serious consequences in the island. An analysis of a 
tourist-based economy wa s presented in the 1945 annual governor's report: 
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" ... it is doubtful that the islands can ever become self-supporting on any 
permanent and sound basis". (1945:2, 16). While the economy of St. Thomas 
has prospered, it has yet to be seen whether it will achieve a self-
supporting status of any "permanent and sound basis". 
As the tourist industry developed, so did the island's reliance on 
outside economies, namely U.S. and Puerto Rico. The majority of food and 
necessities were now being imported, and outside aid could be depended upon 
in times of necessity. The federally built government power and desalination 
plant, as well as daily barges from Puerto Rico, were now supplying water for 
a popu lati on larger than carrying capacity. Improved sanitary conditions 
decreased the hazards of epidemic diseases. Federal government grants and 
tax benefits supported the island--even in times of economic decline or 
natural disasters such as hurricanes. The factors that had effectively 
regulated population growth in previous years no longer had major impacts 
on the population: so the population grew. 
In 1950, the population of the island was 13,800. A gradual incr~a se 
in the population level was seen in the next decade due to the building of 
new roads and the opening of previously inaccessible areas for tourist devel-
opment. The period between 1960 and 1970 was typified by phenomenal growth, 
from 16,740 in 1960 to 28,960 in 1970. (U.S . Census Bureau). The impact 
of the tourist industry finally was felt in St. Thomas as settlement in 
the rural areas increased 404.1%. (See figure 27). Thi s growth continued 
in the 1970's, as did the extensive development activities. 
St. Thomas is overcrowded. Housing shortages are at a crisis level. 
The problems associated with population growth were never adequately ad-
dressed by the government that engineered the economic activity that stim-
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ulated the population growth. The 1977 Housing and Land Use Element esti-
mated that by the year 1979, the population would be 49,784. The 1979 po-
pulation was 53,626. (Virgin Island Bureau of Vital Statistics). 1 Direct 
sewage discharge into the harbor and the ocean still occurs, as it has for 
years. Having too many cars on such a small island has created a twice-
daily traffic jam, requiring an hour to an hour-and-a-half to drive through 
town. Food shortages are common as the island is totally dependent upon 
the shipping industry for its supplies. Power and water outages are a reg-
ular occurrence; the government-owned WAPA (Water and Power Authority) re-
quires millions of dollars to replace or rebuild faulty or out-dated equ i p-
ment. The summer of 1980 saw three straight weeks with no power for most 
of the island. No power includes no running water. 
And then there is the problem of water. To quote the Daily News 50th 
Anniversary Edition: 
11 WATER: ALW.l\YS A PROBLEM 11 
The many costly plans being undertaken by the Virgi n Islands 
government to provide water for the territory gives an impres-
sion that there is absolutely no source available on the islands. 
But the fact is, years ago water was available on just about ev-
ery street corner in St. Thomas in the form of artesian wells or 
natural springs ... The government has been payi ng as much as $9000 
daily for water barging from Puerto Rico and plans are in the works 
for purchasing three desalination plants. (1980:B-8). 
1. The figures given in the Land Use and Housing Element differ from that of 
the U.S. Census Bureau. In 1970 the U.S . Census Bureau published 28,960 as 
the population of St. Thomas . The Virgin Islands Bureau of Research and Sta-
tistics estimated the 1970 population to be 37,285. Using the li near proj ec-
tion model they calculated the 1979 population to be 49,784. The Bureau of 
Vital Statistics reports that the population of St. Thomas in 1979 was 53,626 . 
The recent 1980 census preliminary figures show a population of 43,828. The 
underestimation, according to the Virgin Islands Government, is believed to 
have resulted from population underenumerat ion in both the alien population 
and low income groups . However, regardless of the accurate figure of popu-
lation for St. Thomas, the fact remains that the increasing population was 
not planned for, and serious social, economic and environmental complicati ons 
have arisen from this growth. 
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For an overcrowded island the problem of water availability is crucial, 
How is it that water was once plentiful and now, in addition to the water 
produced in a desalination plant, must be barged in daily from Puerto Rico? 
Is it the effects of overpopulation? Too many people utilizing a limited 
resource? Was the water really as plentiful as suggested by the Daily News 
article? Answers to these questions can be found by analyzing the land-use 
activities of this period and defining the subsequent impacts to the environ-
ment. 
CHAPTER NINE: LAND-USE/LANDSCAPE CHANGE 1917 - PRESENT 
What specific land-use acitivities are responsible for changes in the 
vegetation that condition changes in the hydrologic cycle? The major forms 
of land-use are concentrated in two geographical areas: town (urban), and 
country (rural). 
Land-use associated with the town includes residential development, 
public and government construction (such as office buildings, the sub-base, 
and the airport) and commercial/industrial development. Land-use in the 
country is oriented towards agricultural activities such as grazing of live-
stock and farming. Rural residential development is another land-use acti-
vity, as are public works projects such as water catchments and cisterns, 
roads and sewer lines. 
In analyzing the changing land-uses in the town and country, the 
activities will first be identified, changes delineated, and the resulting 
impacts to surface cover discussed. In the summary, the cultural and phys i-
cal variables stimula ting the land-u se and landscape changes will be pre-
sented, the reasons for changing land-use and landscape modification sum-
marized, and the impacts of the process of cultural ecological change in 
St. Thomas on the hydrologic cycle determined. 
9.1: LAND-USE ACTIVITIES 
The St. Thomas landscape today is one pockmarked with houses, roads, 
abandoned water catchments, urban sprawl, and other evidences of human 
habitation. The island landscape has changed cons i derably since the 1917 
Purchase from the Danes. Beaches and waterfronts have di sappea red, and an 
entire bay is being filled in for the extension of the airport . Roads have 
been carved into the hillsides as almost every inch of previously inacces-
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sible land is used for one purpose or another. Entire hills have been graded 
away. Very few areas can be found today in the same state in which they were 
when U.S. possession occurred. (See figure 28). 
In 1917, the town was concentrated in Crown Bay, and urban land-use 
activities occurred within the boundaries of the town . The countryside 
consisted of 10,683 acres, which, for the most part, were used in acti vities 
as soci ated with agriculture. Cattle grazing was the dominant form of land-
use; in 1926, 80% of the land was reportedly used for livestock. Other acti-
vities included deforestation of the countryside for charcoal making and the 
removal of stones for town construction. The bakery ovens in town were char-
coal fired, and continued to be up until the 60•s; thus charcoal was con-
stantly in demand. According to one local St. Thomian whose father was a 
charcoal burner, to make charcoal, certain trees were selected and felled, 
a pit was dug in the ground, and with herbs and stones to retain the heat, 
a slow burning fire was built . The pit was covered and the wood smoked for 
three days, after which the charcoal would be dug up and sold in town. 
11 0ne man would need his land cleared for farming or some such 
reason, and he would know someone who wanted money. He would 
say, •vou, take all the stones from my land and sell them in 
town,• or he would know a charcoal burner and he would let him 
take all the wood from his land. 11 
The man•s land would be cleared for free, and people would earn money as 
well. (Ethnographic field notes, November, 1980). 
Throughout the naval period, land-use activity remained relatively con-
stant, with only cattle and livestock grazing experiencing growth due to the 
federal support of marketing in Puerto Rico . (See figure 29). One form of 
land-use new to St. Thomas was instituted in 1926 when the government con-
structed water catchments on the hillside above Frenchtown. A large area on 
97 
\wOO 
~00 
1'400 
·~Qt 
ttoo 
IIOO 
Jooo 
l~to 
. 98 
F I 9UK.E Z.9 ... 
99 
the side of a hill was paved over, and the entrapped water was piped into a 
cistern . Thi s was connected to the town water supply system. (Evans, 1945: 
269). 
The policies of the New Deal period attempted to reintroduce agri-
culture as an industry in St. Thomas, and for a short time 50 lots of si x 
acres were cultivated . This was shortlived, and acreage reverted to pasture 
or was abandoned . The agricultura l centers in the East End and on the North 
Si de continued t o provide t he only l ocally grown produce for the St . Thomas 
market . 
As World War II had a dramatic effec t on the population and economy 
of St. Thomas, so too did it effect land-use. The building of a submarine 
base, military airstrip and military hou sing facilitie s outside of the town 
boundaries served t o provide stimulus for growth between the town and Lind-
berg Bay. As population increased t he need for a dependable water supply 
grew, and more ca t chments were built. Out of a total of 16 catchments, 14 
provided water for the town. The World War II population growth also served 
to stimulate agricultural activities in the rural area . Shipping activities 
had been sharply curtailed during the war; the shortage of food created a 
profitable agricultural industry. After the wa r, the family-run operation 
ceased as the fa rmers emigrated back to Europe. (Oxhol m, 1949:52) . 
The 1950's marked the beg inning of acti ve touri st develo pment as hotel s 
were constructed , attracting tourists and stimul at ing commerci al, industrial 
and resi dential growth. This increase in tourist-rel ated development acti-
vity resulted in abandonment of the cattl e industry , as the more lucrative 
means of subsistence became rapi dly accept ed . By 1974, on ly a few square 
miles were used f or grazing. (Jordan & Cosner, 1974:2). The abandonment 
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of pasture land and consequent succession of plant growth is of crucial 
importance to the changes in the water balance of St. Thomas, and will be 
discussed further in later sections. 
As the tourist industry became more important to the local economy, 
the population grew. Commercial activities were concentrated in the town 
center, pushing residential use to the town outskirts. Since 1960, there 
has been a marked increase in rural population, reflecting the development 
of new residential centers due to public housing, native-owned housing, and 
upper class housing districts. Agricultural uses such as grazing and culti-
vation dwindled to 8.1% while open space (mostly former pasture) comprised 
52.5% of the island. (See figure 30). 
9.2: LANDSCAPE AND HYDROLOGIC CHANGE: THE TOWN 
Land-use activity in the town changed as the town grew. Town develop-
ment occurred as the economy changed, and the economy changed as new land-
uses were effected. This cyclic pattern is illustrated throughout St. 
Thomas' history. When one variable changes, the pattern of life changes, 
thu? st imu lating further change in the original variable. Many of the major 
recent land-use changes in St. Thomas began in the period just before Wo rld 
War II. Economic decline and the need for improved defense facilities had 
resulted in construction activity outside of the town limits. A subsequent 
in-fill of residential, industrial and commercial developments led to a 
doubling of the town's physical size within a seven year period. (Bellini, 
1966:54). The building of the St. Thomas Virgin Island Hotel in 1956 further 
stimulated growth outside of the town limits. As areas outside of town be-
came more and more accessible (through the building of new roads to serve 
the government, military and tourist facilities) residential growth was 
10 1 . 
1001.~------------------------------------~ 
'1S 
102 
stimulated. During the 1960 1 S the town grew some 1200 acres east and west 
of its original boundaries. (Bellini, 1966:54). The character of the town 
changed from a mixed residential business center serving the local island 
needs to a commercial district almost totally oriented towards the tourist 
trade. 
The growth of the town has brought an increase in paved surfaces, 
storm drains, and the changing of, or filling in the natural drainages. 
Figures 31 and 32 illustrate the natural vegetation and current surface 
cover. Beach fronts were stripped of their sand for construction needs, 
water fronts were filled in and marshes drained and f i lled. An airport 
was built on what was once marshland, and the impacts to drainage can be 
seen to the landward side of the strip, where a year round pool of water 
stands roadside . Sub-base complex was built on 11 reclaimed 11 land, and the 
existing waterfront highway was what used to be mangroves and beach front. 
Land-use activity in the town resulted in an impact to the hydrologic 
cycle, particularly seen in an increase in stormflow and a decrease in the 
subsurface water table. The guts and springs near town are fed by the water-
shed surrounding the town, which up until the mid-19so•s had been ba re of 
town-associated development. Stormflow was somewhat regulated by the sur-
face cover which was largely pasture. Since the mid-195o•s the area has 
become increasingly developed, roads wind through the contours of the 
mountains and residences are constructed wherever physical space permits. 
Drainage has been affected by septic tank seepage and storm flow/sewer 
pipe construction. Rapid run-off occurs during rain storms, and conse-
quently, there is little discharge during drier seasons. The result is a 
subsurface aquifer which has little occasion to recharge. While annual 
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rainfall has declined somewhat, the more important factor in the hydrologic 
cycle has been the change in which water is utilized, or the flow through 
the system. In watersheds surrounding the town the changes in water flow 
are directly related to an urban land-use which stimulates an increase in 
storm run-off. 
9.3: LANDSCAPE AND HYDROLOGIC CHANGE: THE COUNTRY 
In 1917, when the major form of surface cover was pasture, a relatively 
high proportion of water was able to seep into the soil and gravitate down-
wards to the subsurface aquifer . The development of the countryside changed 
the amounts of water that went into run-off, soil moisture, recharge of the 
aquifer, stream flow and evapotranspiration. As the number of livestock 
using the land increased, overgrazing occurred with subsequent deterioration 
of the soil structure and vegetation, stimulating an inc rease in run-off. 
The drought of 1923-1924 was most probably influenced by two factors : a de-
cline in the annual rainfall; and a change in the ability of the soi l to 
store moisture due to the impact of overgrazing. In later years thi s inten-
sive livestock use declined. A large number of stock died during the drought 
and the federal controls concerning livestock with bovine tuberculosis dis-
ease restricted the marketing of cattle in the Puerto Rican market. Disease 
eradication efforts of the federal government consisting of dipping the 
livestock bi-monthly for an 18 month period allowed the resumption of trade, 
but the St. Thomian industry never again reached the heights it had experi-
enced in 1931. (Department of Interior, 1931:7) . Pasture lands continued 
to be a· dominant form of the landscape until 1950. The eight dairy farms 
in 1936, decreased in number to four dairy farms in 1957, three in 1960, and 
one dairy farm in 1980. 
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The rural landscape has changed from a predominantly agricultural use 
to mixed residential/industrial and open space. Very little acreage remains 
today in agricultural use. The results of these land-use changes are espe-
cially evident when looking at the changes in vegetation. 
As described earlier, the original landscape of St. Thomas was largely 
forest. Colonizing efforts in early hi s toric times resulted in a rapid de-
forestation of the island. (The usual procedure was to set the area on fire.) 
St. Croix reportedly burned for two months. (Knox, 1852:159 ) . The after-
effects of firing result in a mineral-rich soil, and cultivation efforts on 
St. Thomas were largely successful in the early plantation years. However, 
continued cultivation efforts resulted in a draining of the soil of its 
nutrient contents, and when cultivation efforts were abandoned in many areas, 
the more mesic forests were unable to return. First stage succession in a 
previously cultivated area is the scrub-gra ssland formation. Through l ive-
stock grazing and occasional planting of grasses, a surface cover of pas-
ture was maintained for many years. While not as effective as the origina l 
forest cover in maintaining the water balance, the grassland did enhance the 
soil 1 S capacity to absorb moisture . Thus, little change in the hydrologic 
cyc l e was perceived while the pastures were maintained. However, once con-
ditions were allowed to deteriorate, either through overgrazing or abandon-
ment and subsequent regrowth of the thorn-scrub woodland, the hydrologic 
balance changed. The areas influenced, and the severity of change in the 
water flow were minima l and temporary during the historic period, when 
drought conditions had a severe effect on the local economy. When an over-
use occurred and a drought was perceived, there were subsequent changes in 
the land-use, due to loss of livestock or crops, abandonment of land, migra-
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tion, et cetera. This allowed fluctuations to become temporary, and in a 
few years the cycle would return to its original balance. A more damaging 
change in the hydrologic balance occurred when the widespread land-use of 
lives t ock grazing was rapidly and almost completely abandoned. Open space 
succession occurred in the form of thorn-scrub woodland, as the long term 
misuse of the land had created soil fertility and water availability condi-
tions no longer sufficient to support the original moist or wet forest 
associations. The ability of the thorn-scrub woodland to tap deeper sources 
of water resulted in a 3-5% increase in evapotranspiration. (Peebles et al, 
1979:10) and a decrease in the off-season stream flow . Run-off rates in-
creased as the vegetation supported a less dense ground cover. 
One annual stream is found on the island, Turpentine Run on the East 
End. Immediately outside of the drainage is a zone of xeromorphic vegetation. 
The original dry forest boundaries have shifted, as land-use activities have 
created conditions tolerable to only the more xerophytic associations. This 
extension of the dry forest is evident when looking at Zube 1 S map of Terres-
trial Vegetation Zones. (See figure 7). Based upon the existing vegetation 
the map shows a large portion of the island as covered by dry forest associa-
tions. Whether this condition is temporary or permanent i s debatable, and 
can only be seen through the passage of time. However, there is an example 
on the Northside of the island of long-term abandonment, and the current 
vegetation reflects a more mesic oriented succession. 
Neltjeberg Estate was purchased in the 1850 1 S by Jacob Roger Maalenaar 
(Moolenaar), and the existing sugar factory was converted into a residence . 
The estate was then used for dairy farming. Cattle were grazed on the crown 
of Ruy Point. In 1867, a hurricane struck St. Thomas, destroying the estate 
108 
structures, and the site was abandoned. As access to t he area was limited 
to a steep road (now reclaimed through vegetation growth), a seaward approach, 
or climbing the point from Dorothea Bay, the area has remained relatively un-
disturbed for the past 100 years . 
The point was purchased by the Territorial Government f or future park-
land, and the remainder of the estate is still in the hands of the Moolenaar 
family . The area was surveyed and a park development plan written in 1976 
by Timothy B. Still for the Department of Conservation and Cul tural Affairs, 
Office of Planning and Development, U.S. Virgin Islands Territorial Govern-
ment. This report has been filed, and no development acti vity has occurred 
since governmental purchase. 
In Still's report he notes that the vegetation al ong the shore consists 
of a variety of cacti and typical Virgin Island sa lt-resistant plants. 
"The crown of the point was used at one time for runn ing cattle, 
and i s now covered with a secondary growth arid forest complex. 
At the North, this consists of a palm forest whi ch provides a shady 
canopy, while more typical cassia/maran scrub lies to the South. " 
(1976:2). (See figure 33). 
The area was again surveyed in January of 1981, by the Office of Arch-
eological Services . In addition to the hi storic and prehistoric resources , 
the field report gives the following descriptive account of the vegetati on : 
"In climbing the hillside from Dorothea Bay to the top of the 
point the vegetation is typical of coastal-thorn scrub. Once the 
crown i s reached however, there is a distinct change in the vege-
tation . The canopy is much higher , and the ground cover more 
bare. Cactus sp . are still f ound, but the predominant form of 
vegetation is the fan palm, whi ch is at least 20' in height . Some 
vines are found, mostly with thorns . With the descent i nto Nel tje-
berg Bay there is again the thorn scrub woodland, bu t as the slope 
is not as steep, thi s transition is more gradual . Once the fl oor 
i s reached the vegetation resembles the north- side forests, with a 
high canopy, some epiphytes, and limited ground cover i n the fore st s . 
Herbacious species are found in the clearings." (Johnston, 1981:5) . 
(See fi gure 34) . 
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Other areas on that same side of the island have been used for cattle 
grazing and subsequently abandoned. Regrowth is in the form of the thorn-
scrub woodland association . Given time, perhaps the more mesic forest will 
succeed as seen on Ruy Point. As previously stated, the eventual form of 
the succession will only be determined with finality through the passage of 
t i me . 
9.4: SUMMARY 
This historic overview has served to illustrate changes in socio/ econo-
mic structure and subsequent land-use in St. Thomas. The pace of cultural 
and environmental change has increased rapidly since the turn of the century, 
and impetus for that change was supplied through a change in the political 
and economic structure, specifically , through the purchase of the Virg in 
Islands by the United States. 
The policy implemented from the start was the Amer icanization of the 
people . Government programs and fundings were oriented towards achieving the 
traditional American ideals, rather than reflecting the West Indian lifestyles. 
One maj or fault of the early rehabilitation programs was the attempt to en-
courage economic growth through capitalistic enterprises without accomplish-
ing a redistribution of the land. From early on, the onl y people who reall y 
gained in the economic policies of the government were the small minority of 
land and business owners. Thus, control of the economy and the planning fo r 
futu re direction of the economy was, and for the most part sti ll is , in the 
hands of the wealthy . 
When economic prosperity was derived from agriculture, the dominant 
form of land-use was plantations owned by a small percent of the population . 
Later, economic prosperity was supported through shipping and trading, and 
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the concentration of economic activity was around the harbor. The enter-
prises and establishments that employed the majority of the people were, 
again, owned by very few people. As time passed and economi c prosperity 
could be had by raising cattle to feed the shipping industry, and later, the 
Puerto Rican market, the small number of landowners converted their estates 
to pasture. Most recently, when tourism developed, and was supported by 
U.S. policies, funding and tax programs, and U.S. tourists, the people who 
prospered were again, the small minority who owned the estates and businesses 
in town. 
The attempt by Paiewonsky in tbe 1960's to raise the overall standard 
of living, succeeded to a point. An in stant middle class had been created 
through the swelling of government ranks. But the cost of living in the 
Virgin Islands is higher than any place else in the U.S., including Hawai i 
and Alaska, and the existence of the new middle class is dependent upon the 
continuing support of the local government, which is dependent upon the 
tourist industry for revenues. Again, the only group who have real ly pros -
per~d are the employers and landowners rather than the employees. In 1949, 
the lower half of income recipients received about 5% of the total income for 
that year; by 1959 the percentage had risen to 13% and i n 1970, the l ower 
half received approximately 16% of the total income earned in that year. 
(The Significance of Tourism in the U. S. Virgin Islands, 1973:33). 
The current economic status has been achieved and is maintained be-
cause it is profitable to the upper class. Despite the fluctuations in the 
economy the socia l problems of the island have remained constant throughout 
the American period. It wa s noted in a 1949 report that the islanders were 
spending large sums of money for food and provisions, while tracts of culti -
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vateable lands lie fallow . This had been noted in a 1919 report, and again 
in a 1979 report . (Oxholm, 1949:35; SR160[66-1]; Virgin Islands Trade Study, 
1979:11;47). Until a redistribution of land is achieved, or until it becomes 
profitable to do so, agricultural land will continue to lie fallow or be 
swallowed up through the current trend of urban sprawl. 
CHAPTER TEN: THESIS CONCLUSION 
The relationship between economic change, land-use and landscape change 
has resulted in detrimental effects on the physical environment of St. Thomas. 
Without conscient ious island-wide constraints, environmental de terioration 
will conti nue. 
Thi s study of the water problem has served to illustrate two major 
lessons . Fi rst, hydrologic changes will be closely related to vegetation 
changes. Thi s relationship is extremely important in the island ecosystem, 
where the availability of water is limited to what f all s from the atmosphere. 
Second, land-use practices can have significant effects on the availability 
of water . The occurrence of drought i s, in this case, a cu ltural perception. 
The incoming flow of wa ter has changed relatively little ; instead, what has 
changed is the way in which water f lows through the system, and thi s is a 
di rect result of cultura l intervention. 
In St. Thomas , changes i n the political and economic structure from a 
local-ba sed economy t o one strongly dependent upon the U.S. mainland, were 
reflected in changes in l and-use . That change in land-use resulted in a 
change in surface cover, which affected the evapotranspiration rate and 
caused a decrease in water availability. Thus, the natural hydrologi c 
cyc le was modified . As the pace of culture change on St. Thomas had in-
creased, feedback mec hanisms were rendered inoperative, and t he culture 
fa iled to recognize the disturbance in the ecosystem. 
When the problem of water was rea lized, the measures taken were oriented 
toward introducing additional water into the system; the symptoms were trea ted 
rather t han the problem. A desalination plant was built and water was reg-
ularly shipped from Puerto Rico. Rather than focusing on how the problem of 
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water availability occurred and how to rectify that problem, the federal and 
local government concentrated its energy on solving the immediate water needs. 
As a result, the l ocal economy had fu rther strengthened its ties to a foreign 
economy as a means of subsistence. Thus , the inability to perce ive or rec-
tify the problem of a deteriorating ecosystem has resulted in a hydrologic 
crisis. 
In St. Thomas, as in many Caribbean islands, the largest portion of the 
lan d is currently abandoned pasture or cropland. The successional stage i s 
relatively new, and the dominant species are of the pioneering type found in 
thorn-scrub woodland and other dry forest associations. Long-term abandon-
ment may result in more mesic conditions, as illustrated at Neltjeberg Bay 
and Ruy Point, and a re-establishment of the natural hydrol ogic cycle is a 
possibility. Whether or not this will occur depends upon the continuing lack 
of human disturbance. 
If recent development trends are indicative of t he future, few areas 
will escape residential, commercial, and recreational development stimulated 
by the tourist industry. This i s rapidly becoming a real i ty f or not only St. 
Thomas, but most of the Caribbean islands as well . Can the problem of water 
be solved while the tourist-based economy prospers? One possibility i s 
through a combined effort of reforestation and planned growth, with an aware-
ness of the physical limits to growth . 
On islands such as St. Thomas, it is entirely possible that the limits 
to growth have long since been overreached. The continuing development is 
dependent upon the prosperity of the government, which is in turn catering 
to a tourist-based economy. A re-evaluation of government financial pri or-
iti es should occur, stressing the self- sufficiency of the island rather than 
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the dependency upon a foreign economy. Historically, critical issues such 
as water, food, and housing have been avoided, at least to the point that 
these problems have never been solved. It is suggested that the current 
envi ronmental problems will not be alleviated until the political and econo-
mic structure is localized and simplified . 
As the physical environment is directly related to land-use practices, 
and these practices are representative of the local economy (which in turn 
is dependent upon a foreign economy), changes in the local economy are nec-
essary to effect a positive change in the cultural and physical ecosystem. 
It is doubtful that such a change will occur in the near future, unless the 
recent decline in tourism and cutback of federal support continues. As the 
economy is built upon the tourist industry, and the majority of employed 
persons work for the government, any change in the economy will have a ra-
pid and direct effect on the populace. The political and economic structure 
will be forced, through these external pressures to become localized and sim-
plified. 
In the preface of this thesis, it was stated that one of the reasons 
for doing this study is to provide a picture of St. Thomas that, in turn, 
reflects a possible future for the Caribbean as a whole. Many islands have 
problems similar to St. Thomas, having a like history of colonization, plan-
tation, abandonment, and recent growth through the tourist industry. Few 
islands are, however, as intensively developed and dependent on the tourist 
industry as St. Thomas. In presenting the process of land-use and landscape 
change in St. Thomas, it is hoped that other islands, through realistic and 
visionary planning, can avoid the environmental crisis found on this island 
today. 
117 
BIBLIOGRAPHY 
Anderson, E.N., Jr. 
1974 11 The Life qnd Culture of Ecotopia" ..1.!! D. Hymes. Reinventing Anthro-
pology. New York: Vintage Books. 
Bates, Marston 
1960 The Forest and the Sea. New York: Random House. 
Beard, J.S. 
1944a "The Natural Vegetation of the Island of Tobago, British West Indies " 
..1.!! Ecological Monographs (14:2). 
1944b "Climax Vegetation in Tropical America .. in Ecology (25:2) . 
Bellini, Enrique 
1971 St. Thomas : An Island in Search of Integrity . Ms. thesis, Indiana : 
University of Notre Dame. 
Bennett, Charles 
1975 Man and Earth's Ecosystems . New York: John Wiley and Sons , Inc. 
Bennett, John W. 
1976 The Ecological Transition: Cultural Anthropology and Human Adaptation. 
New York: Pergamon Press, Inc. 
Dasmann, Raymond 
1975 The Destruction of California. New York: The MacMillan Company 
deBooy , Theodore and John T. Faris 
1918 The Virgin Islands: Our New Possessions and the British Islands. 
Philadelphia : J.B. Lippincott Company. 
Dickinson, Thomas H. 
1927 11 The Economic Crisis in the Virgin Islands " in Current History (Decem-
ber: 378-381). 
Donnelly, T.W . 
1966 "Geology of St. Thomas and St. John, U.S.Virgin Islands .. in H. Hess 
Second Caribbean Geologic Conference. Geologic Society of America 
(Donnelly, continued) 
Memoirs (85-171). 
Dookhan, Isaac 
1976 A History of the Virgin Islands of the United States . Caribbean 
University Press. 
Eggers, Baron H.F.A. 
118 
1879 11 The Flora of St. Croix and the Virgin Islands .. i n Bulletin of the 
United States National Museum, No. 13. Washington, D.C.: Smithsonian 
Institution. 
Elton, C. S. 
1958 The Ecology of Invasions by Animals and Plants. London . 
Evans, Luther Harris 
1945 The Virgin Islands: from Nava l Base to New Deal. Ann Arbor, Michigan: 
J.W. Edwards. 
Ewel, J.J. and Whitmore, J.L. 
1973 The Ecological Life Zones of Puerto Rico and the U.S. Virgin Isl ands. 
Institute of Tropical Forestry and U.S. Forestry Service, Rio Piedras 
(Forest Service Research Paper VTF-18). 
Figueredo, Alfredo E. 
1978 11 Prehistoric Ethnozoology of the Virgin Islands ... St. Thomas U.S.V.I.: 
Island Resources Foundation, occasional paper no. 12. 
Furl ey, Oliver W. 
1965 11 Moravian Missionaries and Slaves in the West Indies.. Caribbean 
Studies, Vol 5:2. 
Gordon, Burton L. 
1979 The Monterey Bay Area: Natural Hi story and Cultural Impri nts. 
California: The Boxwood Press . 
Gross, Jeffrey 
1975 11 Preceramic Culture in the Virgin Islands . .. St. Thomas, U.S.V.I.: 
119 
(Gross, continued) 
Island Resources Foundation. 
Harris, David 
1966 Plants, Animals and Man in the Outer Leeward Is lands, West Indies: 
An Ecological Study of Antigua, Barbuda and Anguilla. Berkeley, 
California: University of California Special Publications in Geo-
graphy: No. 18. 
Holbrook, Sabra 
1969 The American West Indies . New York: Meredith Press. 
Holdridge , et al. 
1971 Forest Environments in Tropical Life Zones , a Pilot Study. Oxford: 
Pergamon Press. 
Jackson, W. 
1977 Climate, Water and Agriculture in the Tropics. New York: Longman 
Press. 
Knox, John P. 
1852 A Historical Account of St. Thomas, Wes t Indies. New York: Charles 
Scribner. 
Kraus, E.B. 
1955 "Secular Changes of Tropical Rainfall Regimes". Quarterly Journal 
of the Royal Meterological Society, 81 .(198-210). 
1958 11 Recent Cljmatic Changes" ., Nature, 181:4610 (666- 8). 
Leopold, Luna B. 
1974 Water: A Primer. San Francisco, California: W.H. Freeman and 
Company 
Lewis, Gordon K. 
1972 The Virgin Islands: A Caribbean Lilliput. Illinois: Northwestern 
University Press. 
120 
O'Neill, Edward A. 
1972 The Rape of the American Virgins. New York: Praeger Publishers. 
Richards, P.W. 
1979 The Tropical Rain Forest : An Ecological Study. Cambridge: Cam-
bridge University Press. 
Roumaine, J. 
1942 Contribution a 1 'etude de 1 'ethnobotanigue precolumbienne des Grande 
Antilles. Bulletin de Bureau d'Ethnologic de la Republique d'Haiti, 
No. 1. 
Sa~er, Carl 0. 
1950 Cultivated Plants of South and Central America, Handbook of South 
American Indians, Vol. VI, Bulletin 143, Bur. of Am. Ethn. Washington, 
D.C.: Smithsonian Institute. 
1952 Agricul tural Origins and Dispersa l s. (Series 2). New York: American 
Geographic Society. 
Stone, Robert G. 
1939 Meterology of the Virgin Islands. Scientific Survey of Puerto Rico 
and the Virgin Is l ands. Volume XIX-Part 1. New York: The New York 
Academy of Sciences . 
Vescelius, Gary S. 
1979 "Archeoecology of the Virgin Islands, 1: Changing Patterns in Resource 
Utilization." St. Thomas, U.S.V . I.: Territorial Office of Archaeolo-
gical Services. 
Weinstein, Edwin A. 
1962 Cultural Aspects of Delusion. New York: The Freepress of Gencoe, Inc. 
Watts, David 
1966 Ma n ' s Influence on the Vegetation of Barbados 1627 to 1800. University 
of Hull Occasional Papers in Geography, No. 4. Yorkshire, England: 
University of Hull Publications. 
121 
Westergaard, Waldeman 
1917 The Danish West Indies 1791-1917. New York : The MacMillan Company. 
Zube, E.H. 
1968 11 Vegetation Zones of St. Thoma s, U.S.V.I. 11 
122 
Public Documents 
Cheechi and Company 
1976 The Significance of Tour ism in the U.S. Virgin Islands. Philadelphia: 
U. S. Deparment of Commerce: GOvernment Printing Office. 
Department of Agriculture, Weather Bureau 
1962 "Climatic Data Herein from t he Establi shment of Stations to 1930" in 
Climatic Summary of the United States. Washington D. C.: Government 
Printing Office. 
Department of the Interior 
1939, 1940, 1944, 1945, 1947. 
Annual Re port of the Governor of the Virgin Islands to the Secretary 
of the Interior . Washington D.C . : Government Print ing Office. 
Department of the Interior, Territories Office 
1936 General Information Regarding the Virgin I slands of the United States . 
Wa s hington D.C .: Government Printing Office. 
Federal Maritime Commisssion 
1979 Virgin I slands Trade St udy: And Economic Analysis. Washington D.C.: 
Government Printing Office . 
House Document 734, 66th Congress, Second Session. 
Hou se Report 1673, 78th Congress , Second Sess ion. 
I s land Resources Foundation 
1977 Marine Environment of the Virgin Islands . Techni cal Supplement No.1. 
St . Thomas, U.S. V.I .: Virgin Islands Planning Office, Office of the 
Governor. 
123 
Johnston, B.R . 
1981 11 Prehistoric Archeological Site Survey". St.Thomas, u.s.~. I.: 
Office of Archeological Services and Historic Preservat ion, Department 
of Conservation and Cul tural Affairs . 
Jordan, D.G. 
1972 11 Land-use Effect on the Water Regimen of the United States Virgin 
Islands 11 • U.S . Geologic Survey Professiona l Paper 800-D. 
Jordan, D.G. and O.J. Cosner 
1973 11 A Survey of Water Resources of St. Thomas, Virg in Islands.~~ U.S. 
Geologic Survey Open-file report . 
Jordan, D.G. and D.W. Fisher 
1977 11 Relation of Bulk Precipitation and Evapotranspirat ion to Water 
Quality and Water Resources, St . Thomas, Virgin Islands . 11 U.S. Geolo-
gic Survey. 
Lundberg , E. 
1980 11 Archaeology in the Virgin Islands 11 in Searching (Vol. 3:4,5). 
St. Thomas: Virgin Islands Planning Office. 
Lundberg E. and D. Pearsall 
1980 11 Fieldnotes from the Archaeological Excavation at Krum Bay, St . Thomas, 
U.S . Virgin Islands 11 on file at Office of Archaeol ogic Services and 
Historic Preservation. St. Thomas, U.S.V.I.: Department of Conser-
vation and Cultural Affairs. 
Oxholm, Axel H. 
1949 11 The Virgin Islands of the United States, An Opportunity and a Chal -
124 
(Oxholm, continued) 
lenge." Territories Office, Department of Interior. Washington D.C.: 
U.S . Government Printing Office. 
Peebles, Roger W., Albert E. Pratt, Henry H. Smith 
1979 Water Plan: A Comprehensive Water Management Framework for the U.S. 
Virgin Islands. Virgin Islands Water Resources Research Center, 
Technical Report No. 2. St. Thomas U.S.V.I.: Caribbean Research 
Institute. 
Rivera, L.H. et al . 
1970 Soil Survey , Virgin Islands of the United States. Soil Conservation 
Service. Washington D.C.: U.S. Government Printing Office. 
Senate Document 110, 69th Congress, First Session. 
Senate Report 160, 66th Congress, First Session. 
Smedley, David 
1961 "Climate of Puerto Rico and U.S. Virgin Islands'' in Climates of the 
States. U.S. Department of Commerce, Weather Bureau, Washington D.C.: 
U.S. Government Printing Office. 
Still, Timothy B. 
1976 "A Development Plan for Estate Neltjeberg Territorial Park." on file 
at Office of Planning and Research, Department of Conservation and 
Cultural Affairs. St. Thomas, U.S. Virgin Islands. 
United States Census Bureau 
1917, 1930, 1940, 1950, 1960, 1970 
"Virgin Islands of the United States." in United States Census. Wash-
ington D.C.: U.S . Government Printing Office. 
Virgin Islands Planning Office 
1977 Land-use and Housing Elements, United States Virgin Islands. St. 
Thomas, Virgin Islands: Office of the Governor. 
125 
Additional Sources 
Beets, James. 
Marine Biologist. Personal Interview August, 1980 , ~ Ethnographic 
Field Notes, St. Thomas, U.S.V.I.: N. D. 
Daily News 
11 Water Always a Problem 11 ~Special Anniversary Edition, August, 1980. 
Section B:8. 
Matthews, Mervel. 
Local Informant. Personal Interview. November, 1980, ~ Ethnogra-
phic Field Notes, St. Thomas, U.S.V.I.: N.D. 
